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DRAFT 
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ABSTRACT 


Thit  report  euinnariaee  a  progranae  of  «>or.  carried  out  between 
1982  and  1S8S  for  the  Harwell  Offshore  Inspection  P  and  D 
Cervice.  The  main  aims  of  the  programme  were  to  assess  the 
potential  of  the  oltrasonlc  time-of-flight  diffraction  (TOFD) 
technique  for  offshore  applications,  and  then  to  develop, 
validate  and  quantify  the  performance  of  a  complete  TOFD  system 
for  the  accurate  sizing  of  defects  in  underwater  welded  node 
Joints. 

TOFD  offers  capabilities  not  possible  with  any  other  NDT 
technique  available  for  use  offshore.  It  complements  the 
performance  of  ACPD  for  sizing  surface-breaking  defects,  and  it 
is  the  only  available  technique  for  accurate  sizing  of  embedded 
defects  or  root  cracks. 

A  State-of-the-Art  Review  was  prepared  at  the  beginning  of  the 
project  which  described  the  various  Time*  ''Flight  techniques, 
considered  the  new  factors  encountered  for  offshore  inspection 
and  concluded  that  the  techniques  could  in  principle  offer 
accurate  sizing  of  defects  in  node  welds. 

Theoretical  and  experimental  work  considered  tl'.e  materials, 
coatings  and  geometries  employ  id  on  offshore  steel  structures  and 
established  the  feasibility  of  using  TOFD  techniques  in  this 
application. 

Comprehensive  validation  trirls  for  a  wide  range  of  geometries 
have  indicated  that  a  slicing  accuracy  of  about  1  mm  should 
generally  be  achievable. 

A  complete  prototype  TOFD  system.  Interpretation  software  and 
inspection  procedures  for  sizing  known  fatigue  cracks  in  welded 
node  Joints  underwater  have  been  developed.  Diver  trials  hav^ 
indicated  that  scanning  can  be  performed  quickly  and  easily  even 
by  inexperienced  divers,  and  data  interpretation  can  be  carried 
out  on-site  by  a  surface  operator  using  a  portable 
instrumentation  system. 

We  believe  that  the  programme  has  produced  scanner  designs, 
software  and  documentation  of  a  sufficient  standard  to  enable  the 
TOFD  technique  for  underwater  crack  sizing  to  be  transferred  to  a 
service  company,  for  routine  application,  with  a  minimum  of 
development  and  training  effort. 
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ABSTRACT 


<1 

The  atudles  described  In  this  Report  have  been  carried  ovit  on  five 
batches  of  hulls  resulting  froa  the  reprocessing  of  fuel  from  the  Prototype 
Fast  Reactor  at  Dounreay.  Direct  loaoblllaatlon  In  cement  and 
dccontaalnatlon  have  been  examined  sa  possible  routes  for  treating  the  hulls, 
and  as  a  background  to  this  worx  the  activities  on  them  have  been 
characterised.  The  outcome  of  this  project  Is  described  oelow. 

Characterisation 

^Flvt  batches  of  hulls  have  been  >jcamlned,  corresponding  to  fuel  tilth 
burn-ups  In  the  range  0~7.3Z.  They  have  been  examined  vlaually,  and  found  to 
be  mostly  either  shiny  (froa  lotier  breeder  secllons)  or  dark  (from  core  or 
upper  breeder  regions).  Photographic  records  cf  surface  features  and  of  c^e 
quality  o.  the  shear  have  been  made. 

The  fissile  activity  on  the  hulls  generally  coriesponded  to  less  than 
O.lZ  of  Che  original  fuel;  the  radlocudldes  were  present  on  both  the  Inner 
and  outer  surfaces.  It  la  unlikely,  however,  Chat  Much  of  the  acMvicy 
present  Is  due  to  undlssolved  f; '1  since  deposltlor.  froa  dissolver  .Uquors 
accounts  for  auch  of  the  acclvicy  present  on  the  hulls. 

Profile  dlagraas  have  been  eoosCrucce<l  to  describe  Che  levels  of  the 
various  actlvitJes  along  selected  hells.  ToC*.l  a-actlvlcles  varied  between  4 
and  200  pCl/g.  The  principal  fission  products  were:  Ru-106  (10'  -  4  x  10^ 
pCl/g),  Sb-123  (4  X  10^  -  3  z  10^  pCl/g)  and  Cs-137  (20-500  pU/g).  Other 
fission  products  acssured  Include  Cs-134,  Ce-I44  and  Tc-99. 

Tie  principal  activation  products  aeesured  were  Mn-34,  Co-60  and  Co-S8. 
Ihe  value  of  the  ratio  of  Hn-54:Co-60  con  be  used  to  Indicate  the  position  of 
Che  null  In  the  original  fuel  pin.  C-14  levels  of  up  to  5  uCl/g  have  been 
measured  In  the  higher  bu'cn-up  hulls. 

Deconcialnaclon 

X  niatber  of  low  temperature  chemical  techniques  ris'io  been  used  to  remove 
actinides  and  fission  products  froa  the  hulls.  The  methods  Included:  nitric 
acid  at  reflux  tcaperaCure,  nitric  acid  with  ceric  Ions  sddeJ,  alkaline 
peraenganace  solution,  and  oxalic  acid  with  hydrogen  peroxide  corrosion 
inhibitor.  IriespeeClve  of  the  method  of  deontami.natlon  or  burn-up,  Che 
levels  of  a-activlc-  .  •'uTd  Vs  reduced  to  lers  than  C.J  Ci/te  of  hulls.  Thus 
dacontaulnaclon  might  permit  snallower.  end  therefore  cheaper,  disposal  than 
would  be  the  case  for  ur.decontamlnaced  hulls. 


Th«  preferred  route  te  thee  l&volvlng  olcrtc  acid  alone,  because  1: 

■Ighc  oe  possible  to  recycle  the  decontaalnatlon  liquor  to  the  reproceaelng 
plant,  routelng  the  fission  products  and  several  of  the  actinides  to  the  high 
le^'S!  waste,  while  recovering  the  plutonlua. 

Immobilisation 

lOw  sections  of  hulls  have  been  lamoblllsed  In  two  cements  In  which 
cither  sand  or  blast  furnace  slag  was  used  to  extend  the  ordinary  Portland 
cement  .•^Loadings  of  about  40g  bull  In  SOmm  right  cylinders  have  been 
achieved.  The  activities  rclcsfied  on  leach  testing  these  blocks  have  been 
compared  with  those  from  leaching  bare  hulls.  The  level  of  Cs-137  leached 
from  hulls  Inaioblllsed  In  clthur  of  the  cement  compositions  was  about  an 
order  of  magnitude  lower  than  that  leached  from  the  bare  hulls.  Por  Sr-90. 
the  BFS/OPC  matrix  gave  a  tenfold  better  retention  than  the  sand/C?C. 

Ru-106  and  Sb-12S  were  leached  from  the  sand/OPC  but  not  from  the  BFS/OK 
samples.  The  prellmlncry  studies  suggested  that  cement  was  a  satisfactory 
matrix  for  Immobilising  hulls  and  that  the  BFS/OPC  was  the_  better 
fomulatioa.  Further  evaluation  of  the  waste  forms  was  required. 
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1.  imODUCTION 

In  ch«  head-end  aecclon  of  a  rcprocesalnf  plane  for  Irradiated  oxide 
fuel,  Che  fuel  plna  arc  ahearad  Into  2S-S0  tn  lengtha  which  are  routed  to  a 
basket  In  the  dissolver.  There  they  arc  treated  with  nitric  acid  which 
dissolves  out  the  fuel,  leaving  the  cladding  residues,  or  hulls,  ae  a  solid 
waste  product.  In  order  to  assess  the  options  for  the  disposal  of  this  waste 
it  la  necessary  first  to  characterise  Che  activities  present  both 
qualitatively  and  quantitatively.  These  activities  arise  In  a  number  of 
ways,  Including: 

(1)  fuel  which  has  been  proteeced  from  acid  attack  by  physical  means, 
e.g.  as  a  result  of  a  poor  shear; 

(11)  atoms  forced  Into  the  clad  by  fission  racoll; 

(111)  atoms  which  have  diffused  into  the  clad,  particularly  at  grain 
boundaries; 

(Iv)  activities  deposited  from  the  dissolver  liquors;  and 

(v)  activities  produced  by  the  neutron  Irradiation  of  the  cladding 

atoms. 

The  most  favoured  disposal  route  tor  solid  wastes  In  Che  CEC  Is  by  burial  In 
geological  formaclooa  following  ImmoblllsaciOn  in  a  suitable  macrlz.  The 
depth  required  for  burial  may  be  dependent  on  Che  quantity  of  very  loap'j^l'tcd 
Isocopae  the  waste  contains,  and  thus  a  preliminary  decontaalnatioa  step  to 
remove  such  activities  from  the  halls  idghc  lead  to  shallower  and  therefore 
less  costly  disposal. 

The  present  work  Is  concerned  with  stslnless  steel  bulls  orlglnatltg 

from  the  reprocessing  of  fuel  from  Che  Frococype  Fast  Reactor  (PFR)  at 

Dounrsay  (U.K.),  The  studies  were  Jointly  funded  by  the  U.K.  Dr  'Utent  of 

the  Environment  and  the  Comnlsslon  of  the  European  Conmunltlcs.  The 
objectives  were  to  characterise  the  activities  present  on  genuine  hu^is 
(particularly  long-lived  Isotopes  chat  could  be  Inportanc  In  dispose.),  to 
examine  the  possibility  of  deconcamlnstlng  them  by  simple,  lOO  teap<racure, 
chemical  techniques,  and  to  study  rne  Imaoblllsatlon  of  the  undecoocsmlnated 
hulls  In  cement  uatrlces,  with  evaluation  of  the  waste  forms  mainly  by  leach 
testing.  The  matrices  studied  have  been  used  la  Che  D.K.  waste  treatment 
programme,  where  cement  Is  the  leading  option  for  Ixoaoblllaacion  of  non-heat 
generating  wastes. 

The  results  obtained  should  be  of  value  In  formulating  policies  for  the 
management  of  hulls  arising  from  future  coomerclal  fast  reactors. 


A  nuab«r  of  procedures  were  developed  by  Jenkins  and  coworkers^^^  for 
characcerlslng  the  acelvteics  on  hulls  froa  chenaal  reactors.  These 
Included  total  flaslle  neasureaents  by  delayed  neutron  counting, 
activity  distribution  aeasureaents  by  fission  track  and 
s-autoradlography,  a-spectroaetry  of  surfaces  and  depth  penetration 
aeasureaents,  as  well  as  standard  radio-analytical  procedures  on 
solutions  resulting  izaa  the  dissolution  of  the  hulls.  Soae  of  these 
techniques  have  been  caployed  in  the  current  work  and  pt of lies  of  the 
activities  along  various  hulls  constructed. 

The  decontamination  of  stainless  steel  is  a  very  wide  field  which 
has  been  Included  In  a  nuaber  of  reviews  “*  *  .  Much  of  this  work  was 

concerned  with  the  decontaalnatlc a  of  coolant  systeas  la  water 
reactors,  but  the  results  served  as  a  useful  guide  for  a  prellalnary 
experlaental  study  of  the  decontamination  of  stainless  steel  hulls 
using  saaples  from  experlaental  pins  In  the  Dounreay  Fast  Reactor^^\ 
The  flnolngs  froa  this  study  provided  a  framework  for  t'.ie 
d'ccntshlnation  of  the  PFR  hulls. 

The  conditions  and  techniques  used  in  the  lamoblllsaclon  and  leach 
testing  were  based  on  earlier  work  at  Barwell  with  fuel  cladding 
derived  froa  thermal  reactor  ayacens. 

2.  ACTIVITIES  ASSOCIATED  WITH  HULLS 

There  ere  three  types  of  activity  associated  with  hulls: 
a-eaitters,  fission  products  and  activation  products.  The  latter  arise 
froa  the  neutron  irradiation  of  the  cladding  whereas  the  two  former 
types  originate  froa  the  fuel. 

2.1  Predominant  Activities 

The  principal  a-ca^tters  found  In  earlier  studies  were  Pu-239, 
Pu-238,  Pu-240,  Aa-241.  Ca-242  and 

The  most  prolific  fission  product  actlvlty~found  was  Ru-106 
followed  by  Sb-12S,  Cs-137.  Cs-134,  Sr-90  and  Ce-144,  with  saaller 
quantities  of  Eu-lSS,  Eu-154  end  Ag-llOa. 

The  main  activation  products  measured  were  Mn-S4,  Co-60  and 
Co-58. 

All  the  above  Isotopes,  apart  froa  those  of  Pu  and  Am,  have  half 
lives  of  30  years  or  less,  and  can  be  considered  short  lived  In  terms 
of  disposal. 


2.2  Other  Activities 


There  ere  also  e  nuaber  of  low-enetgy  fission  end  activation  products 
vhlch  are  lon«  lived,  and  consequently  could  be  InportanC  In  considerations 
of  the  long-tera  aoveaent  of  nuclides  froa  repositories.  They  Include  Tc- 
99,  1-129  and  C-IA.  Np-237  la  another  Isotope  which  needs  to  be  exaalned  In 
this  context,  as  It  Is  potentially  one  of  the  oore  noblle  actinides.  As  a 
first  step,  calcolatlons  were  carried  out  to  eaclaate  the  quantities  of  tlicse 
Isotopes  likely  to  be  found  on  the  hulls. 

2.2.1  Technetlua-99 

Calculaelona  '^Ing  the  FISPIN  coaputer  code  Indicated  'hat  for  core 
region  fuel  subjected  to  7.2Z  burn-up,  the  Ru-106/Tc-99  activity  ratio 
was  approxlastely  7.S  x  10^  after  four  years'  coollng^^^.  PTR  hulls  had 
previously  been  observed  to  contalr.  0.2  to  60  aCl  of  fci-106  per  yraa  of 
hull  (with  a  mean  value  of  12  aCl/g)  after  a  cooling  period  of  four 
years^^\  On  this  basis  an  eatlaate  aaa  aade  of  the  range  of  Tc-99 
activities  which  alght  be  encountered  in  PFl  hulls,  naxely  0.03  to  8  pCl 
of  Te-99  per  grsa  of  hull.  This  represents  1.3  to  500  eg  Tc-99/g  hull, 
with  e  assn  value  around  100  (tg/g.  Heasureaenc  of  euch  levels  should  be 
feaelble,  and  the  Isotope  wee  aeccrdliigly  Included  la  the  prograasMt. 

1.1.2  lodlne-129 

The  relative  fission  yields  of  1-129  end  Tc-99  In  PFR  fuel  were 
obtained  froa  PISPIN  calculer'.vca  and  the  date  coablned  with  the  results 
of  the  Tc-99  essessaent.  The  cstlaeted  range  of  1-129  activity  was  0.C4 
-  12  nCl  per  g  hull.  This  la  likely  to  be  a  considerable  overcstlaete 
because  the  higher  solubility  and  volatility  of  Icdloa  In  tha  dissolver 
relative  to  technctlw  should  be  taken  into  account.  The  abundance  of 
1-129  on  PFR  hulls  la  likely  to  be  far  too  low  for  direct  counting  end  a 
separation/ concentration  procadure  would  probably  be  very  coaplex.  This 
Isotope  wse  therefore  not  Included  In  the  present  progrsaae. 

2.2.3  Neptunlua-237  — 

Coaperlng  the  relative  activities  of  Np-237  to  those  cf  Pu-238  end 

(Pu-239'^Pu-240)  obtained  by  FISPIN  coaputatlona  with  the  quantities  of 

(6) 

the  Pu  Isotopes  previously  aessured  experlaentally  ,  It  was  concluded 
that  tha  laval  of  Np-237  on  tha  hulls  was  unlikely  to  exceed  550  pCl/g 
hull;  this  la  Coo  low  to  aeasure  -using  n-jraal  radloaetrlc  or  chemical 
analysis. 


2.2.4  Car bon- 14 


C-14  In  PFR  holla  la  pradonlnantly  produced  by  an  (n,p)  reaction 

Involving  the  N-14  tapurity  In  Clic  atalnleaa  ateel  cladding.  Asaualng  a 

nitrogen  level  of  ~  200  ppa  In  the  ateel,  the  race  of  C-14  production 

(8) 

would  be  about  2C  Cl  per  UW(e)  year  of  power  generation  .  For  a 
aoderate  fuel  burn'up  of  7.2Z,  aouie  304  aub-aaaeabllea  would  be  required 
to  generate  1  CW(e)  year,  leading  to  a  C-14  activity  of  66  nCl  per  aub- 
aaaeably.  The  fuel  ctiie  In  each  aub-asseatly  have  a  aaaa  of 
approxlaately  40  kg.  repreaentlng  about  3SZ  by  weight  of  the  total 
cladding  (wrapper  plua  apacer  grlda  plua  fuel  cana).  The  Irradiated 
hulla  froa  one  aub-aaaeably  would  rheiefore  be  expected  to  contain 
23  taCJ  of  C-14,  which  repreecnta  a  apeclfic  activity  of  ~  C.6  pCl 
C-14/g  hull.  It  waa  thought  that  BeaaureBent  of  auch  levela  In  the 
hulla  ahould  be  feaaible,  and  the  laotope  waa  therefore  included  in  Che 
expet laantal  prograaae. 

3.  TM:  PFR  FUEL  PIM 

The  PFH  plea  froa  ;<hlch  the  hulla  originate  coaprlae  four  aaln  aectlons: 
Che  core,  tha  upper  and  lower  axial  braedera,  and  the  gaa  plenua  (Fig.  1). 
Molybdenua  wire  apacera  Uouaad  la  a  atalnleaa  ateel  body  are  aituated  ^..;tween 
the  plenUB  and  Che  lower  breeder  and  between  tha  lower  breeder  and  the  core. 
The  poalcloo  of  Cheae  apacera  can  be  aren  on  the  outaldf  of  the  cl.i  ^  aa  a 

crlaped  aectlon  (aee  Figure  2(b)),  and  chla  allowa  Identification  of  the 
originating  poalcloa  of  aone  of  tha  hulla. 

4.  THE  HULL  SAffUS  PSED 
4.1  Poat-Diaaolver  Treataent 

After  crapleclon  of  the  dlaaolutlon  of  fuel  froa  the  pin  aectlona,  the 
baakat  of  hulla  waa  lifted  up  In  the  dlaaolvcr  ^  4  the  llqaora  allowed  to 
drain  off.  The  baakec  wxa  then  tranaf erred  to  a  waahlng  <'eaael  where  Che 
next  chaige  of  acid  ec  route  to  the  dlaaolvet  «aa  paaaed  ever  the  hulla  at 
aablant  teaperature.  After  draining,  the  hull:,  were  dried  by  hat  air.  Tnus 
a  further  eource  of  activity  on  the  hulls,  vii  f roB  the  evaporaclcc  of  the 
waah  liquor  realduea,  waa  Introduced.  Cn  -eccl^'t  the  hulls  were  generally 
dujcy  with  a  lot  of  loose  cor.caalnatloii,  auv  '  vhlch  probably  originated 
froa  this  drying  step. 


4.2  of  Hull 


Five  bacchce  of  hulls  with  burn-mps  ranging  fr«.<a  0  to  7.32  and  cooling 
tlaas  of  up  CO  6  years  were  exaained-  The  hulls  ware  gc-ncrslly  2S-7S  ■■ 
long.  ’ 

The  batches  were  designated  A.  B.  C,  0  and  E  and  details  >. 'lacing  to  Che 
fuel  they  had  contained  arc  given  In  Table  1,  Batch  B  contained  hu'ls  froa 
two  sub-asseabllea  of  different  buro'ups  and  was  not  used  In  Che 
characterisation  and  dcconcaalnatlon  work.  Batch  D  consisted  of  hulls  froa 
pins  which  had  been  fuelled  but  had  not  been  Irradiated.  They  were,  however, 
sheared  In  the  active  facility  and  the  fuel  reaoved  In  Che  saae  dissolver 
Chat  had  been  used  for  Irradiated  fuel.  Batch  E  contained  some  pin  cnd-plecc 
hulls  which  were  up  Co  110  m  long. 

4.3  Visual  and  Photographic  Inspection 

Each  batch  of  hulls  was  exaained  visually  and  a  nuaber  (usually  "6) 

selected  for  further  study.  The  baals  of  selection  was  to  obtain  mainly 

typical  saaples  together  with  a  few  «dU.ch  exhibited  special  features.  Froa 

their  appearance,  the  hulls  could  be  separated  Into  two  types,  black  and 

shiny  (Fig.  3).  A  nu'sber  of  Che  shiny  hulls  eonitlned  crlaped  sections, 

indicating  the  presence  of  a  spacer.  This  showed  chat  these  hulls  originated 

from  the  lower  axial  breeder  regions  of  the  pins.  0*«servaclons  on  whole  pins 
(9) 

at  Oounreay  have  confined  chat  around  Che  lower  breeder  region  the  pins 
appear  shiny  whereas  la  Che  core  and  upper  breeder  reglois  they  are  dark  cod 
■act. 

Each  of  Che  selected  hulls  was  photographed  from  ^och  end  and  side 
viewpoints  (exaaples  are  shown  In  Figs.  3  and  4).  The  end  views  showed  the 
quality  of  the  shear  which  was  generally  good,  with  open  ends  affording  easy' 
access  for  the  dissolver  acid  to  the  Inside  of  the  hulls.  The  side  views 
(see  Fig.  2}  showed  surface  features  along  the  length  of  the  hulls.  Sone  of 
Che  surfaces  were  clean  whereaa  others  were  coated  with  oxide  fllas  of 
varying  thlckbesses  which  produced  a  aoctled  effect.  On  sone  hulls  the 
presence  of  particulate  aaterlal  was  noted.  The  oxide  films  are  foned  by 
Interaction  of  the  clad  with  the  low  levels  of  oxygen  present  In  the  coolant 
under  Che  conditions  of  the  Irradiation  and  provide  additional  sites  for  the 
absorption  of  fission  products  end  ocher  activities.  Oxide  films  will  also 
be  prasent  on  the  internal  snrfaccs  of  the  hulls  due  to  interectl  >n  between 
Che  cladding  and  the  fuel. 
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Another  feature  ahown  In  the  aide  views  is  the  location  of  spacers;  .the 
structure  of  a  apacer  is  shown  in  Fig.  7.  In  one  case  where  the  crisped 
section  was  very  close  to  the  end  of  the  hull,  the  shear  had  actually  gone 
through  the  spacer  body  and  a  cross  section  of  this  can  be  seen,  sosewhat 
distorted,  in  the  end  view  of  hull  nusber  4  In  Fig.  3. 

4.4  Cvtting  of  Bulls 

The  radiation  levels  fres  the  hulls  were  very  high.  The  facilities 
available  for  the  characterisation  and  decontaslnatlon  work  consisted  of  a 
nusber  of  shielded  fuse  hoods,  and  is  order  to  be  able  to  use  these 
facilities  without  incurring  high  radiation  doses  to  the  operator,  it  was 
necessary  to  llsit  the  size  of  hull  sasplcs  to  rings  about  1  ss  wide.  This 
is  sisilar  to  the  1-2  ns  rings  used  by  Jenkins  et  al^^^  in  their  work  on 
thersal  hulls. 

About  ten  1  M  rings  were  cut  fros  a  defined  end  of  each  of  the  selected 
hulls,  and  the  individual  rings  were  separately  packaged  so  that  their  exact 
location  along  the  length  of  the  hull  wss  kjwwn. 

The  eptista  size  of  hull  slice,  for  packing  into  the  soulds  for  eesent 
Isaobilisation  on  a  ssall  scale  had  been  found  fros  inactive  trials  to  be 
about  10  SB,  sc  is  order  to  provide  sufficient  aatcrial  to  aakc  about  11 
saaples  of  iaarabiliaed  waste  Che  bulk  of  the  aaterial  froa  each  batch  of 
hulls  was  cut  to  this  length. 

S.  gPERIKEWTAL 
S.l  Characterisation 

3.1.1  Total  Fissile  Measureae.ncs 

A  weighed  ring  of  hull  wss  s'.ilcd  into  a  polythene  tube  and' 
irradiated  briefly  for  a  known  tiae  !o  a  reactor.  After  a  short, 
acasured  cooling  tiae,  the  delayed  neuirons  eaitted  were  counted  durlug 
a  known  tiae  interval.  Froa  the  axperiaectal  data  it  was  possible  to 
gsleulate  the  aaount  of  fissile  aaterial  hut  not  tc  differentiate  the 
contributing  isotopes.  The  results  were  ooraally  expressed  as  chough 
all  Che  fissile  aaterial  was  Pu-239. 


5.1.2  riiilon  Track  «nd  a-A.utoradlogr>phy 

In  Jenkins'  work^^^  flealon  track  autoradiography  h«d  ihown  thjc 
flsallc  ■acerlals  verw  preaenc  In  algnlf leant  quanclclca  on  both  the 
Inner  and  outer  aurfecea  of  the  hulla.  Since  the  onl.*  tine  the  outer 
aurfacea  caae  into  contact  with  flaalle  naterlel  waa  In  the  dlaaolvcr 


llquora,  theae  reaulta  pointed  to  depoaltlon  having  occurred.  Owing  to 
,he  higher  levcla  of  activity  aaaoclated  with  the  PFR  hulla.  It  waa  not 
poaalble  to  uae  thla  technique  with  the  handling  facllltlea  that  were 
available.  A  few  aeaaureaenta  ualng  s-autoradlography,  however, 
confined  that  the  feat  reactor  hulla  alao  contained  actlnldea  on  both 


inner  and  outer  aurfacea,  that  they  were  reatrlcted  to  the  top  2-3  tua, 
and  that  the  aaounta  were  very  variable. 

5.1.3  Dlaaolutloc  Eaperlnenta 

The  hulla  were  dlaaolved  by  refluxing  with  5M  nitric  acid  -  2M 
hydrochloric  acid  for  about  a  half  to  one  hour. 

The  principal  fiaalon  and  activation  producta  In  the  aolutlona  were 
detenined  by  y-apectroaetry  ualng  a  llthlu^drlf ted  genanlia  detector 
eonnected  to  an  latertechnlque  0190  PrograaMble  Hiltlchacnel  Analyaer. 

8r-90  vaa  detenined  by  ^-eoiating  following  a  radiochemical 
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aeparatlon  . 

The  groaa  a-eootenc  of  the  aolutlona  wea  found  by  evaporating  aeall 
allquota  to  drynaaa  on  atalnleaa  atecl  dlaca,  briefly  flaalng  thee,  and 
aeaaurlng  the  a-actlvlty  with  a  aclntlllatlon  counter.  To  obtain 
Infomatlon  about  the  coaponent  laotopea,  a  aolvent  extraction 
aeparatlon  waa  carried  out.  The  Pu  In  the  aolutlon  waa  conditioned  to 
Che  four  valent  atate  by  addlrg  a  few  cryacala  of  aodin  nltvlte  and  Che 
aolutlon  contacted  with  ai  equal  voluae  of  lOt  trl-n-octylanlnc  In 
xylene.  Under  theae  coodltlona  the  aajority  of  the  Pu  extracted  Into 
Che  aolvent  phaae  whllat  the  An  and  Ca  reaalncd  In  the  aqueoua. 
a-Spectroaetry  waa  carried  out  on  each  phaae. 

The  plutonlua  laotoplc  coapoalclon  waa  obtained  by  aaaa 
apeccroaetry  on  the  hull  dlaaoloclon  aolutlon  after  an  Ion-exchange 
clean-up  to  remove  the  ateel  conponenta  and  fiaalon  products. 


S.1.4  Te-99  Dcctralnatlon 


Tha  hull  uaa  dlaaolvad  in  3H  sulphuric  acid  and  conditioned  with 

hydrogen  peroxide  Co  ensure  chat  Che  Tc  vaa  present  as  Che 

percechnetace.  The  Tc  was  separated  fron  Che  other  fission  and 

acCivation  products  by  first  treating  the  hoc  solution  with 

tetraphenylarsonlua  ions  in  the  presence  of  a  perchloric  acid 

carrier^^^\  On  cooling,  the  tetraphenylarsonlua  percechnetace  and 

perchlorate  cocrystallised  alaosc  guancitacively.  The  crystals  were 

filtered  off,  dissolved  in  ethanol  and  passed  through  an  anloa  exchange 

column.  The  tetraphenylarsonlua  cation  was  reaoved  by  washing  with 

ethanol  and  the  technetiua  Chen  eluted  with  perchloric  acid  and  reduced 

to  Tc(V)  with  ascorbic  acid  In  the  presence  of  thiocyanate.  Tae  red  Tc 

thiocyanate  complex  was  extracted  with  butyl  acetate  and  analysed  by 
(12) 

apectrophotoactry  ,  using  the  absorption  at  5<16  na.  The  Halt  of 
detection  was  about  1  ug  Tc. 

5.1.5  C-U  Dateralnatlon 

The  hulls  wera  dissolved  by  refluxing  In  an  oxidising  acid  aediua 
which  released  the  C«U  as  a  alxture  of  carbon  dioxide,  carbon  aonoxlde 
and  alaple  hydrocarbons.  Those  gaseous  products  were  transported  by  a 
nitrogen  atraaa  to  a  eatalyac  coluaa  where  tha  carbon  aonoxlde  and 
hydrocarbons  were  eoovertad  to  carbon  dioxide.  The  catalyst  used  was 
300^50  )ta  cupric  oxide  heated  to  40O-'d25*C.  Tha  cupric  oxide  was 
prepared  by  preclplcatloo  from  hot  cupric  sulphate  soluclon;  according 
to  Xabat^^^^  Shis  route  produces  the  aost  effective  form  of  catalyst. 
After  leaving  the  catalyst  colian  the  gas  stres  was  passed  through  a 
sodiua  hydroxide  absorption  train  to  reaove  the  carbon  dioxide.  The 
alkaline  soluclon  was  then  analysed  for  carbon-14  by  liquid 
selnclllaclon  counting  using  an  Instagel  or  Plcofluor-30  cocktail. 

A  nuaber  of  prellalnsry  tests  on  the  experlaental  equlpaenc  were 
carried  out.  These  showed  that  no  carry-over  of  fission  product 
radioactivity  occurred  during  the  dissolution  of  an  active  hull,  gave 
Inforaatlon  on  Che  likely  extent  of  add  carry-over  during  a  run,  and 
established  that  no  aeasurabla  'blanks*  would  be  produced.  The 
recoverability  of  C-14  froa  the  systea  was  examined  by  adding  C-14 
labelled  sodl«a  carbonate  co  the  acid  In  the  dissolver  and  conducting  a 
run  In  the  usual  way.  Initially  recoveries  no  better  chan  701  were 
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obtained,  but  these  rose  to  a  cocslstent  90Z  when  the  cupric  oxide  wss 
omitted,' lndlcacln;g  that  contrarj  to  Kabat's  findings,  soae  absorption 
of  C-14  on  to  the  copper  oxide  wae  taking  place.  The  reaslnlng  lOX  of 
the  C-14  can  be  accounted  for  In  tci*as  of  counting  errors  and  absorption 
on  the  surfaces  of  the  equipment.  As  a  result  of  these  findings  the 
apparatus  was  modified  for  the  active  runs  by  the  Insertion  of  a  second 
sodium  hydroxide  absorption  train  In  front  of  the  catalyst  column. 

5.2  Decontamination 

The  decontamination  procedure  consisted  of  creating  the  weighed  hull 
slice  under  the  specified  conditions,  followed  by  retrieval,  removal  of  the 
excess  liquid  by  blotting  on  filter  paper,  and  rewclghlng  after  each  stage. 
Finally  Che  hull  was  dissolved  In  a  oltrlc-hydrochlorlc  acid  mixture  and  the 
solution  analysed  in  order  to  establish  the  residual,  and  hence  Che  total 
activity,  associated  with  the  original  hull. 

Earlier  work^^'^^  had  indicated  that  high  levels  of  decontamination 
could  be  achieved  using  fottr  different  reagents: 

(1)  Nitric  Acid 

The  standard  conditions  using  this  reagent  were  9  molar  acid  at 
reflux.  The  effect  of  Che  number  of  contacts,  the  duration  of  the 
eontacts  and  the  variation  of  acid  concentration  and  temparatrxe  wets 
studied. 

(2)  Nitric  Acid  in  Che  Frcsence  of  Csrle  Ions 

Two  molar  nitric  acid  containing  0.1  molar  ceric  loos  were  used  In 
single  one  hour  eoncactings  at  90-95*C. 

(3)  Alkaline  Permanganate 

This  wms  a  two-stage  process  involvii^g  firstly  a  treataenc  at 
reflux  with  3*  potassius  permanganstc  -  lOZ  sodlia  hydroxide  followed  by 
a  wash  based  on  the  CITF.0X  formula  consisting  of  2.SZ  oxalic  acid  and  5Z 
dlammonlta  hydrogen  citrate  at  85*C. 

(4)  Oxalic  Acid 

Oxalic  acid  wms  used  both  on  Its  own  and  In  the  presence  of  a 
hydrogen  peroxide  corrosion  Inhibitor.  Trsscmencs  wars  normally  carried 
out  St  reflux  and  involved  one  or  more  contactings  of  2-6  hours' 
duration.  The  effect  of  varying  the  oxalic  add  concentration  was 
examined . 


5.3  imobllnatlon 

5.3.1  Inactlv  Trt«li 

Th«  ttchnlqua  adopted  for  preparing  tha  loaoblllaad  products  was 
astsbllshad  Inactlvaly  before  tha  aqulpaant  was  Installed  for  reaote 
applleatioo  Ia  a  shielded  facility.  It  involved  vlbrccoapsctlng  a 
weighed  quantity  of  tha  hulls  in  a  plastic  aould  with  tha  appropriate 
aaount  of  caaant  grout  (Fig.  5).  which  coaprlsad  either  sar.d/ordlnsry 
Portland  caaant  (OPO/watar  or  blast  furnace  slag  (BFS)/OPC/ water  In  the 
ratios  3:1:0.48  and  3:1:1.28  raspactlvaly  by  weight.  The  slsa  of  tha 
laaoblllsed  product  waa  chosen  to  be  a  lOaa  right  cylinder  (Fig.  6)  to 
facilitate  handling  and  storage  of  tha  active  saaplas  during  laach 
tasting.  To  obtain  an  adequate  loading  of  tha  hulls  their  lengths  ware 
reduced  from  a  noalnal  50  os  to  10  ai. 

After  vlbrocaapactlon  tha  canant  saaplas  ware  kept  in  d  aolst 
ataosphara  for  48  hours  before  daaouldlng  and  curing.  Samples 
cnntalnlng  aand/OPC  were  cured  for  28  days  and  those  containing  BFS/OPC 
for  90  days,  both  at  aiblent  taaperstura,  prior  to  la'ach  tasting.  This 
was  to  ensure  that  the  saaplas  had  attained  a  eoaparabla  strength  and 
aleroscructura. 

5.3.2  Active  Studies 

The  active,  laaoblllsed  saaples  were  aade  la  a  shielded  facility 
according  to  the  optlaUsed  conditions  established  free  Inactive  trials. 
Eleven  laaoblllsed  vaaplea  containing  sections  of  Irradiated  tFE  aulls 
were  aade  (see  Table  2).  In  one  case  soae  Inactive  aaterlal  was 
Included  to  aake  up  the  weight.  Nine  of  the  saaples  were  leach  tested 
•nd  two  were  scored  as  archive  saaples  pending  further  exaalnstlon. 

A  saaple  of  the  waste  to  be  laaoblllsed  was  analysed  * 
radlochealcally  and  It  was  assuacd  that  this  was  representative  of  Che 
coaplece  beech  of  waste  and  hence  of  the  total  activity  (A^)  that  was 
Incorporated  In  the  final  product,  leachates  were  subsequently  analysed 
for  ell  Che  detectable  radionuclides.  The  Cs.  Ru  and  Sb  activities  were 
detecalned  by  y-speetroaecry,  the  Sr  by  8-counclng  following  a 
radloehealcal  separation,  and  the  actinides  by  scintillation  counting. 
Bare  hulls  were  leach  tested  trlch  (1}  distilled  water,  (11)  water  that 
had  previously  been  equlllbrstvd  with  sand/OPC  aatrix,  and  (til)  water 
Chat  had  earlier  been  equilibrated  with  BFS/OPC  aacrlx,  to  ascertain  the 
effectiveness  of  laaoblllssclon. 
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S.3.3  LcachTcsclrr 


The  condlClona  and  aechods  of  laach^ng  ware  ^  variant  of  thoaa 
recooBandad  by  the  Intarnaclonal  Standarda  Organiaation  taat  -  ISO  6V61 
(1980).  The  lnaoblltaad  waata  foi;a  waa  auapanded  In  29S  el  of 
dlatlllad  water  contained  In  .  lidded  polypropylene  pot.  The  water  waa 
changed  after  a  one  day  contacting  and  four  further  changea  ware  aade  at 
Intarvala  during  the  next  13  daya.  Thla  waa  followed  by  four  contacta 
of  7  daya  and  two  or  three  of  28  daya.  all  at  ambient  teaperature.  In 
each  caae,  the  water  after  reeoval  froa  the  waate  waa  acidified  with  5 
b1  nitric  acid  prior  to  analyala  to  keep  the  leached  actlvltlca  In 
aolutlon.  In  the  caae  of  bare  hulla.  ten  10  a  lengtha  of  hull  w^re 
auapended  on  a  plaatlc  aeah  within  the  polypropylene  container. 

It  wae  noted  that  la  eoae  caeca  the  y-radlatlon  emitted  from  the 
Imoblllaed  waate  forma  waa  aufflelent  to  cauae  cabrlttlcacnt  of  the 
plaatlc  container  within  about  28  daya.  The  uae  of  atalnleaa  atecl 
container a  In  future  atudlea  la  recommended. 

5.  lESULTS  AW)  DISCUSSION 

8.1  Characteriaatlon 

8.1.1  Total  Flaalle  Content 

The  total  flaalle  contenta  of  rlnga  cut  froa  hulla  of  aoch  of  the 
batchca  arc  given  In  Table  3.  The  valuea  aaeuae  all  the  flaalle 
material  to  be  Pu-239.  There  ware  conaidcrablc  varlatlona  la  the 
reaclta,  with  aoae  of  the  hlgheat  valuea  being  found  in  hulla  where  It 
waa  leaat  expected,  for  exaaplc,  on  unlrradlatcd  hulla  and  on  onea  froa 
around  the  lower  breeder  vcglona.  Thla  auggeatad  that  dcpoaltlon  waa 
aaklng  a  algnlf leant  contribution  to  the  flaalle  aatcrlal  on  the  hulla. 
The  variability  of  flaalle  contenta  of  faat  reactor  hulla  waa  prcvloualy 
reported  by  Jen'-lna^^ In  connection  with  hulla  froa  the  Dounreay 
Faat  Reactor. 

Aa  the  denaity  and  Pu  content  of  the  original  fuel  were  known,  the 
flaalle  contenta  could  be  expreaaed  aa  pcrcentagca  of  the  initial  fuel 
aaaoelatcd  with  the  particular  hull  allce.  The  valuea  obtained  were 
generally  lesa  than  O.lZ.  Theae  arc  not,  however,  realiatlc  neaaurea  of 
the  amount  of  undlaaolved  fuel  aaaoelatcd  with  the  hulla  due  to  the 
apparent  Importance  of  dcpoaltlon. 

8.1.2  g-Ewlttera  -  Conatltuent  laotopea 

a-Spectroaetry  waa  uaed  to  analyae  the  phases  obtained  froa  the 
aolvcnt  extraction  treatment  of  the  dissolved  hull  solutions  (see 
Section  S.1.3). 


Tha  organic  phaaaa  showad  t«w  paaka,  ona  dua  to  Pu-i39  *  Pu->240, 
ctw  ochar  to  Pu**238  *  Aff-241.  Bacauaa  of  Cha  slailarlty  of  tha 
a*^narglat  of  tha  conatltuant  iaotopaa.  theta  paaks  could  not  ba 
ratolvad  further ,  but  alnca  tha  partition  coefficient  for  Aa>241  waa 
vary  low  Indeed  under  tha  condition*,  of  tha  extraction,  the  second  oeak 
waa  attributed  aolaly  to  Pu-238.  Tha  aquaoua  phaaea  produced  peaks 
corresponding  to  AB>24laPu>238,  Ca~242  and  Ca>243‘*^'*244,  together  with 
a  small  peak  dua  to  unaxtracted  Pu*239>Pu«240>  Difficulties  ware 
encountered  la  analysing  these  aqueous  phases  owing  to  t^ie  high  salt 
content  that  originated  la  tha  stainless  steel.  This  neant  that  only 
saall  aliquots  of  the  solution  could  ha  nounted  for  counting,  and  even 
then  tha  sources  were  sufficiently  thick  to  give  rise  to  sosia 
salf-absorptlon  which  resulted  la  a  loss  of  resolution  and  peak 
shifting.  Tha  snail  Pu>238  contribution  to  tha  An>241  peak  could  ba 
corrected  for  by  using  cha  ratio  (Pu>239*-Pw240):  Pu-238  obtslnad  froa 
cha  organic  phase  results.  Tha  curlun  paaks  wars  generally  saall  and 
cha  associated  counting  statistics  poor,  even  on  vary  long  counts. 
Because  cha  principal  Isotope  Ob-242  use  a  relatively  short  half  Ufa 
(U3  days).  It  is  dlf fictile  to  correct  tha  activity  back  to  a  raferarea 
data  (a.g.  tha  coaplatlon  of  the  Irradiation)  without  Introducing 
significant  errors.  Fran  a  study  of  FlSPUf  data,  Oa-244  should  aaka  tha 
aajor  contribution  to  the  ochar  Oa  peak. 

Tha  results  prasancad  la  Table  4  show  cha  parcantagas  of  cha 
Individual  Isotopes  In  each  phase  on  an  activity  basis.  Tha  eoiuana 
labelled  "OTKEK”  aomally  refer  to  anall  unidentified  paaks  but  In  a  few 
cases  where  It  was  not  possible  to  obtain  data  concerning  Cha  Individual 
curlun  Isotopaa,  the  gross  Os  figures  era  Included  under  this  heading. 

By  conblnlng  cha  parcancaga  conposlclons  and  eua  gross  a-councs  of 
each  phase,  cha  overall  parcancaga  coaposltlon  of  cha  hull  solutions  can 
ba  conputad.  This  la  shown  on  tha  right  hand  side  of  Table  4.  The  oata 
waa  obtslnad  at  three  different  dates  over  a  seven  aonth  period,  and 
bacauae  of  Its  short  half  Ufa  cha  snounc  of  C»>242  altered  considerably 
during  this  period,  chareby  altering  significantly  cha  percentage 
conposltlon  of  tha  phases.  In  order  to  panic  a  conparlson  to  be  nade. 
Cha  Ca-242  activities  wars  corrected  to  16ch  February  1984  and  cha 
resulting  conposlclons  calculated.  Tha  corrected  figures  are  given  In 
Table  5  and  are  conpared  with  percentage  conposltloai  obtained  fron 


7ISP1N  data  (or  Cho  fuol.  In  vlow  of  the  tsiccrtalntlet  involved  e 
reetonable  correlation  appeara  to  exlat.  Thla  le  alao  ahown  by  the 
ratloe  of  the  laotopea  Aa-241:?u-238:  (?u'-239'*'Pu-240)  given  io  Table  5. 

The  actinide  coepoaition  of  the  fuel  will  vary  according  to  ita 
poaition  along  Che  fuel  pin.  When  FISPIN  calculations  for  the  core 
region  and  the  axial  breeder  reglona  are  coepared  it  can  be  ehoun  chat 
Che  weight  ratio  of  (Pu-2394^Pu-240:Aa-241 )  la  approxlaately  30  for  the 
core  regions  but  »  3.3  x  10**  for  the  breeder  reglona.  Values  for  this 
ratio  coeputed  froai  the  data  obtained  in  the  present  work  varied  froa  70 
to  130  irrespective  of  the  poaition  of  the  hull  in  the  fuel  pin. 

These  findings  again  auggeat  chat  the  acClvlc/  on  the  hulls  arises 
largely  by  deposition  froa  the  diasolver  liquors. 

The  iaotopie  coapositlon  of  the  {lutoniua  found  on  soae  of  the 
hulls  is  reported  In  Table  6.  Oranlua  was  also  sought  but  the  levels 
were  coo  low  to  be  detected. 

6.1.3  Activation  Products 

The  principal  activation  ^^uets  detected  by  Y-speccroaetry  ware 
Md'34,  Co-60  and  Co-38.  The  Co-38,  because  of  its  short  half-life  (70 
days),  hod  largely  decayed  by  the  clae  of  aeasureaent .and  banco  only 
saall  peaks  were  obtained.  It  was  generally  found  on  the  higher  bum- 
op  hulls.  The  relative  quantitioe  of  Hb-34  and  Co-60,  corrected  to  the 
ciae  of  coaplecloo  of  irradlaciwo,  were  found  to  vary  according  to  the 
position  of  the  bull  along  tus  fuel  pin.  For  the  shiny  hulls 
originating  froa  around  the  lower  axial  breeder  regions,  the  ratio  Mn- 
34:Co-60  was  low  (s3),  for  black  hulls  froa  cho  core  region  values  of 
73-110  were  observed,  and  for  a  hull  froa  the  upper  breeder  sectloo 
(identified  by  Che  presence  of  a  fuel  retainer  in  the  hull)  a  value  of 
about  1  was  obtained.  Thus  Che  ratio  Ma-S4:Co-60  can  be  regarded  as  an 
indicator  of  Che  loeation  of  the  hull  in  the  fuel  pin.  Reference  to  the 
profile  dlagraas  (tee  Section  6.1.4)  showed  chat  it  wss  the  levels  of  — 
Ma-34  Chat  changed  aore  chan  those  of  Co-60  along  the  lengths  of  the 
fuel  pins.  Table  7  gives  tbs  levels  of  activation  products  for  a  nuaber 
of  hulls  which  include  one  containing  a  spacer.  This  hull  (A/S)  was 
iectioned  right  across  the  spacer  body  and  froa  the  aeasureaents  and 
visual  observations  of  chr  geosMtry  of  Che  individual  slices,  it  was 
possible  CO  ascertain  the  orientation  of  Che  hull  in  the  original  fuel 


pin.  A  dl«(rMi  of  •  opaeor  io  incluiod  In  Ftp.  7.  In  cho  fuel  pin, 
the  ond  concnlnlng  thn  aolpbdoma  wlrn  dlae  la  upparaoac.  At  tha  lowat 
and  of  tha  hull  Juat  balow  tha  apacar  no  Hi-SA  could  ba  datactad. 

Arouud  tha  poaltloc  of  tha  erlnp,  aaluaa  of  0.08  and  0.10  wart  found  for 
Nb>SA:Co-60.  Tha  aaluaa  rota  to  0.13  at  tha  poaltlon  of  tha  nolybdanua 
wira  dlae,  0.A8  Juat  abova  tha  apacar  and  O.SA  at  tha  uppar  and  of  tha 
hull.  Tha  aanpla  uaa  thought  to  hava  origlnatad  froa  batwaao  tha  lowar 
axial  braadar  and  tha  plants  raglona. 

Tha  othar  activation  product  aaaaurad  uaa  carbon-14.  On  4.1Z 
bura-up  hulla  tha  activity  lavala  of  thla  laotopa  Incraaaad  froa  0.06  to 
0.A4  u  Cl/g  with  Incraaalng  nautroa  Irradiation  aa  Indlcatad  by  tha 
lta-S4>Co-60  ratio  (Tabla  8).  Tha  7.3X  bum-up  hull',  followad  a  alallar 
pattam  with  valuaa  ranging  froa  O.IS  to  1.0  it  Cl/g,  although  hlghar 
valuaa  (up  to  S  pCl/g)  warn  found  on  two  of  tha  hulla  with  Intaraadlata 
Mi-SA>Co-60  ratloa.  Tha  raaulta  obtalnad  atra  In  raaaonabla  accord  with 
tha  flgura  of  0.6  pCl/g  prodlctad  froa  ealculatlona  (oaa  Sactloo 
2.2.6). 

6.1.6  Ftaalon  Froducta  and  Activity  Frofllaa 

Tha  coablnad  analytical  taaolta  froa  dlaaolutlon  and 
daeoataalnatlon  asparltMota  provldad  a  eonaldarabla  aaount  of  data 
ralatlag  to  tha  activity  content  of  aactlona  froa  a  nuabar  of  holla. 
Slnca  the*ralaelva  poaltlona  of  tha  varloua  aactlona  along  a  glvan  hull 
worn  known.  It  waa  poaalbla  to  conatrucc  an  activity  profile  dlagtM  for 
each  bull  anaalnad,  and  thua  provide  a  alaple  aathod  for  coaparlng 
different  holla.  Tha  pmflla  dlagrMo  (Flga.  7-10)  ahow  tha  activity  In 
pCl'/g  hull  dacay-corractad  to  tha  data  of  coaplatlon  of  Irradiation, 
plotted  vertically  on  a  log  -acala,  and  tha  location  of  tha  hull  oactlon 
relative  to  the  hull  and,  ahown  on  tha  horlacutal  axla.  Tha  black 
aquarea  eorraapond  to  hull  natarlal  loot  during  cutting.  Tha  dotted 
llnaa  Indicate  tha  praaanca  of  aactlona  for  which  data  la  not  'Callable. 
Tha  dlagrana  ahow  that  tha  range  of  activity  Icvala  for  the  different 
laotopaa  varlaa  conaldarably  -  6  ordara  of  nagnltuda.  The  lovela  of  the 
activation  producta  Hn-S6  and  C»*60  are  fairly  constant  along  a  given 
hull,  whereas  tha  other  actlvitlaa  show  greatar  variations  and  can 
change  considerably  over  quite  short  distances.  In  spite  of  this  the 
various  Isotopes  often  follow  siallar  patterns.  Tn  general  the  order  of 
tha  activities  la  Xu-106»Sb-123>Cs-:37>total  a.  Sr-90,  where  data  Is 
available,  noraally  lias  between  Cs-137  and  total  a.  Table  9  gives 
mserlcal  values  for  tha  average  activities  on  12  of  the  hul\<« 
examined. 


Th«  poasibillty  of  uplolalng  the  wldt  variaclon  of  acclvltjr  lavala 
along  Cha  hulla  In  tana  of  pbyalcal  loaaaa  froa  tha  aurfaca  oslda  flla 
during  tha  cutting  of  tha  1  aa  oilcan  waa  conaldored.  It  was  noted  In 
aarllar  work  howavar,  that  whan  ollca'a  o  tha  aaaa  alta  had  been  cut 
undar  Idantleal  condltlona  froa  both  Zlrcaloy  and  atalnlasa  ataal 
thanal  hulla,  tha  aetlvltlao  along  thaaa  hulla  worn  raaaonablj  unlfon. 
Saaploa  pravioualy  cut  froa  axparlaantal  hulla  froa  cha  Dounraay  Fast 
kaactor  had  shown  aoaa  variarlona  though  not  quits  as  large  as  those  on 
hulls  froa  PFR.  Tha  significant  variations  appeared  to  be  confined  to 
fast  reactor  hulla  and  aay  be  dua  to  tha  plats  out  of  vary  saall 
dlacrata  parclelas  of  dissolver  Insoluble  aatarlal  which  la  found  la 
Buch  graater  quantities  In  aoluclona  of  Irradlatad  fast  reactor  fuel 
than  In  Jlasolvad  thanal  reactor  fual.  Tha  axparlaantal  obsarvatlona 
ara  conalatant  with  this,  alnca  cha  parclculata  aatarlal  la  nonally 
rich  in  ruthanluB  and  this  is  tha  nuclide  chat  has  shown  cha  graacasc 
variation  along  Cha  hulla.  In  addition  cha  prasanca  of  particulate 
aatarlal  adhering  to  cha  aurfaca  of  aoaa  of  cha  hulls  has  bean  obsarvad 
(aao  for  axaapla  Pig.  2d). 

k  nuabar  of  10  an  aacclona  of  cha  batch  i  hulls  ware  dissolved  In 
acid  In  cha  hoc  ealla  and  cha  aoluclona  analyaad.  With  chase  larger 
aaaplas  any  off  acta  of  "eucdng  loaaaa'  would  be  aaal.'ar.  When  cha 
lavala  of  the  aeclvlclaa  ware  coopered  with  chose  froa  1  aa  slices  froa 
hulls  of  tha  aaaa  batch,  chay  ware  found  to  be  vary  slallar.  Tha 
coaparljon  for  tha  principal  fission  products  acclvlcias  la  nada 
plctorlally  In  Fig.  11.  The  first  coluan  In  the  figure  contains  data 
for  the  10  m  allcas,  cha  second  for  tha  1  tm  allcas  and  alnca  tha 
nuabar  of  rasulta  la  rather  aaall.  the  third  coluan  glvas  date  for 
alallar  1  aa  allcas  froa  cha  aaaa  batch  but  obtained  outalde  of  the 
prasanc  concracc.  Ir.  can  be  seen  chat  cha  activities  of  the  different 
Isotopes  fall  within  wall  defined  bands  with  only  a  vary  aanll  aaount  of 
overlap.  Tha  width  of  the  bands  was  slightly  wider  at  tha  1  aa  and  but 
Cha  axcenalon  waa  upwards  rather  than  downwards.  It  seeas  unlikely 
Charafora,  that  significant  loaaaa  of  activity  ware  ancouatarad  during 
Cha  cutting  operaclooa,  ocher  chan  chat  of  loose  activity  arising  froa 
Cha  drying  out  of  dlsaolvar  liquor  raaldues  which  would  be  partly  lost 
anyway  in  general  handling  and  cannot  really  be  considered  aa  part  of 


the  •ctivtt7  of  tho  hull.  Thooo  flndlnga  worn  locor  conflntd  when  Che 
anelytlcal  data  froa  the  coeplete  hull  deeonCtialnatlona  (eee  Section 
6.2.7)  were  calculated.  The  hulls  Involved  had  not  been  cut  sc  all,  but 
the  activity  levela  aclU  fell  within  the  sane  bands  (see  fourth  coluan 
of  Kg.  11).  Corresponding  plots  of  the  activation  product  activity 
lavela  found  in  this  series  of  ezperlaencs  are  given  In  Fig. 12,  which 
shows  clearly  tha  difference  between  the  black  and  cha  shiny  hulls  (no 
'iD-betwean'  hulls  were  Involved).  The  width  of  the  acclvacloo  product 
activity  bands  ara  aaallcr  chan  those  of  Che  fission  products  :  this  Is 
attributed  to  their  being  Integral  to  tha  hulls  and  not  containing 
significant  contributions  froa  deposition. 

Tha  teehoecluc-99  contant  of  a  high  burn-up  core  hull  (C2/D)  was 
detaninad  by  dissolving  cha  hull  la  dlluta  sulphuric  acid  and  analysing 
Cha  solution  by  Cha  procedura  daaeribed  in  Section  S.1.4.  The  value 
obtained,  40  pg  Te/g  hull,  was  about  tha  alddla  of  Che  calculated  range 
(see  Section  2.2.1). 

6.1.S  'Activities  Associated  with  End-Fleccs 

Thera  were  five  pin  end-piecea  aaong  tha  batch  E  hulls.  TTiese  will 
have  been  top  end  cape  aiaee  C&a  plentas  ends  of  the  plna  ara  sot 
nonutlly  routed  via  tha  dlaaelver.  They  varied  in  length  fron  30-110nn 
and  aone  eentalaed  plugs  of  solid  natarlal  witich  wars  ideotiflfd  by 
electron  nieroprobe  analysis  as  OOj.  These  plugs  were  located  sear  cha 
fuel  retainer  (see  Kg.l),  and  aiat  have  been  part  of  the  upper  breeder 
fuel  which  had  been  inconoletely  renoved  in  the  dissolver,  becauie  the 
closed  end  of  Cha  hull  had  reacricted  Che  secaaa  of  acid  to  the 
interior.  One  nllllaecre  rings  were  cut  froa  each  cod  of  two  of  these 
hulls  as  shown  in  Kg.  13.  They  were  dissolved  in  nlcrlc-hydrochlorlc 
acid  and  the  solutions  analysed.  The  activity  levels  are  shown  In  Tig. 
14  and  Table  10.  For  both  hulls  the  Ml-34;Co-^0  ratios  Increased  with 
tha  distance  of  cha  rings  froa  the  closed  end.  "This  was  not  surprising 
<s  the  neutron  dose  received  would  also  be  Increasing.  Conparlng  tbs 
profiles  for  the  e-actlvlcias  with  chose  froa  orllnary  hulls  of  the  same 
batch  showed  slightly  higher  lav_ls  associated  with  these  end  pieces. 
This  waa  prcsuaably  due  to  deposition  since  soae  of  the  rings  were  fc:u 
clad  which  had  not  contained  fuel.  Data  froa  a  single  ring  of  hull 
El/130  taken  28  am  froa  Che  cloeed  end  showed  gcre.'ally  lower  levels  of 
activity  tlisa  found  on  Che  other  two  hulls  at  coaoarable  positions. 
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6.1.6  Acclvlclti  on  Unlrradlaf d  Hull> 

Tha  activity  on  these  hulls  aust  have  arisen  trea  deposition  In  thti 
dissolver,  and  Its  eeasureaent  provided  an  Indication  of  the  aaount  of 
ectlvlty  a  ocraal  hull' could  acquire  In  this  way  froa  the  dissolver 
liquors,  bearing  In  alnd  that  the  surface  of  the  other  hulls  had  been 
■odlfled  by  oxide  flla  formation  during  the  Irradiation.  Table  11 
coapares  the  activities  found  on  unlrradlated  hulls  with  son*  typical 
aeao  values  for  hulls  froa  batches  A  and  C  which  passed  through  the 
dissolver  during  the  saae  reprccesalng  campaign.  In  each  case  the 
fission  product  activities  of  the  unlrradlated  hulls  were  lower  than  the 
Irradiated  ones  (particularly  for  Ca-lJ?),  but  the  a-actlvltles  were 
about  a  factor  of  2  greater.  In  view  of  the  large  variation  of 
activities  that  has  been  observed  on  various  hulls  this  aay  not  be  very 
significant.  An  acteept  was  Bade  to  coapare  the  ratios  of  the  principal 
fission  product  activities  on  the  various  hulls  with  chose  expected  to 
be  present  In  the  dissolver  liquors  as  calculated  froa  FIS?IN  data.  In 
'{eneral,  the  unlrradlated  hulls  had  ratios  of  activities  which  were 
fairly  siallat  to  those  found  on  the  irradiated  hulls,  but  differed  froa 
Che  predicted  values  for  Che  dissolver  liquors,  In  Chat  they  had  lower 
proper Cions  of  Kw>106,  and  aueh  lower  proportions  of  Cs>l37,  relative  to 
Sh->125.  This* suggested  Chat  deposition  of  various  Isotopes  occurred  to 
different  extents. 

6.2  Decontaalnatlon 

The  aaln  purpose  of  decuntanlnaClng  Che  hulls  Is  to  rcaove  chose  long- 
lived  Isotupes  (aalnly  the  a-ealtters)  that  could  potentially  lead  Co 
probleaa  In  Che  long  tern  when  Che  wests  has  been  disposed  to  an  inderground 
repository'. 

Two  techniques  were  considered  In  earlier  studies  on  the  decontaalnatlon 
of  Che  hulls,  naaely  treacaent  with  hot  solutions  and  use  of  ultrasonic 
radiation  at  sablent  teaperature.  Both  of  these  tecKilquss  gave  satisfactory 
levels  of  dscoocaaloacloa  under  suitable  conditions.  The  ultrasonic 
treacaent,  however,  tended  to  reaove  algnlf leant  aaounts  of  the  activity  in 
partteulace  fora  rather  chan  In  solution;  another  disadvantage  w.  s  chat  the 
aethod  was  likely  to  be  difficult  to  scale  up  effectively.  The  use  of 
ultrasonics  was  therefore  not  pursued  further. 

The  bulk  of  Che  decontaalnatlon  «e>rk  concentrated  on  Che  four  systems 
identified  In  Section  S.2. 
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6.2.1  Acid  «t  K«flu« 

NlCi.t.  4Cxd  la  tha  *081  actracclva  daconCaalnant  since  It  has  ehe 
pocenclsl  ts  produce  low  salt  content  wastes  which  are  ecsy  to  deal  with 
In  1  reprocessing  plant. 

Tha  dacontaalnatlon  Mchanlsa  Involves  the  dissolution  of  the  oxide 
layer  Including  any  residual  fuel  particles.  Earlier  work  suggested 
that  repeated  reflux  with  9M  acid  gave  the  best  results.  Table  12  shows 
how  Che  activity  was  reaoved  during  three  successive  slx-nour 
conticclngs  with  fresh  add  for  hulls  of  two  different  burn-ups.  In 
each  case  aosc  of  the  s-acclvlcy  reaoval  occurred  during  the  flttc 
cancac.'.lng,  the  second  and  third  contactings  being  effectively  polishing 
stages.  Tor  fission  products,  lower  reaovals  wero  achieved  d  leg  the 
first  stage  and  there  wre  ^ta  tlgnlflcsnc  further  reaovsis  during  the 
second  stage. 

lable  12  shows  the  overall  percentage  reaovals  foe  a  nuaber  of  5.6 
and  /.3Z  burn-up  hulls  crested  under  Che  conditions  described  above. 

The  hulls  exsalned  originated  froa  a  wlds  range  of  ulfferenc  positions 
along  Che  fuel  pins  as  Indicstad  by  the  Mn-S4:Cc>60  ratios.  Ir.  gsner.U, 
high  levels  of  reaoval  of  a-ealtcers,  of  Sb-12S,  sad  of  th^  alnot 
fission  product  eonscfCucncs  were  achieved,  whereas  ths  reaevals  of 
Ku-lOC  sad  Cs-137  wore  aore  variable  and  tended  to  be  lower.  Isduring 
ths  teaperature  at  which  the  contactings  were  asde  to  60*C  resulted  in  a 
draastlc  lowering  In  the  decontsainsclon  perforaance.  On  the  other 
hand,  when  Che  taaperstura  wss  kept  at  reflux  and  Che  conCset  Claes  were 
reduced  to  evo  hours,  the  teaovsls  of  n-calcrers  were  hardly  affected 
and  Che  fission  product  reaovals  only  slightly  reduced.  Lowering  the 
contact  Clae  futhsr  to  one  hour  d.d  not  produce  any  great  change  In  Che 
deconcaalnatloo  efficiency.  The  aaln  effect  of  using  shorter  contact 
Claes  was  to  decrease  Che  <«clghc  losses  froa  the  hull  slices  is  aost 
cases. 

The  wBlghc  losses  need  to  be  kept  to  s  alnlaua,  particularly  if  the 
acid  Is  to  be  recycl«-d  through  the  reprocessing  plant,  since  the 
presaace  of  ferric  Ions  sight  enhance  dissolver  corrccion  and  could 
produce  an  unwelcoae  Increase  in  the  salt  content  of  the  hlghl.y  active 
waste  liquors. 


The  final  column  In  Table  13  glvea  daca  for  the  thickneaa  of  hull 
removed  during  die  deconcaminatlona.  Theae  valuea  vere  calculcced 
aaauming  a  uniform  loaa  oZ  hull  material  from  both  Inner  and  outer 
aurfacea  and  from  Che  enda.  Since  thla  la  not  atrlctly  true,  the  valuea 
can  only  be  regarded  aa  an  "order  of  magnitude'  guide. 

The  effect  of  reducing  the  nitric  acid  concentration  to  6H  waa  alao 
aCudled.  The  reduced  level  of  decontamination  waa  not  very  narked  but 
waa  more  algnlflcar.t  fur  die  flsalon  producta  than  the  a-enlttcra. 

Since  percentage  removal  can  be  a  mlaleadlng  parameter  In 
decontamination  atudlea  where  variable  jcounca  of  Initial  activity  are 
Involved,  the  Initial  and  realdual  actlvlclea  In  all  the  runa  are  alao 
given  <Table  14).  Thla  aapect  la  dlacuaaad  further  In  Section  6.2.6. 
6.2.2  Nitric  Acid  In  the  Presence  of  Ceric  Iona 

The  uae  of  thla  reagent  aa  a  decontamlnant  haa  been  deacrlbed  by 
Partridge  et  al^^^\  The  ceric  Ion  oxldlaea  Iron  an-  hromlun  In  Che 
ateel'a  aurface  caualng  them  to  dlaaolve  la  the  nltrlv  acid.  It 
therefore  decontamlnatea  by  rmaeval  of  the  aurface  layer,  and  ooa  of  the 
chief  dlaadvaatagea  of  Che  reagent  la  that  It  cannot  be  uaed  In  normal 
acalalesa  atael  veaaela. 

Single  one-hour  eontacta  at  about  90*C  were  uaed  with  2H  nitric 
acid  containing  O.IM  carle  Iona.  Under  cbeae  conditlona  very  good 
decontamination  from  both  a-emiCtera  and  flaalon  producta  (except  for 
Ru-106)  waa  achieved,  Che  reaulta  (Table  IS)  being  almllar  to  thoae 
obtained  over  much  longer  perloda  with  atrooger  nitric  acid  on  Ita  own. 
The  weight  loaaea  from  Che  hulla  were  however  quite  high,  probably 
partly  due  to  the  aggreaalve  nature  of  the  reagent,  and  partly  to  attack 
through  Che  unprotected  cut  enda  of  the  hull  allcea. 

Reducing  the  ceric  Ion  concentration  to  0.05M,  whilst  keeping  the 
ocher  conditlona  unchanged,  led  to  reduced  decontamination  efficiency 
but  lower  weight  losses.  The  efficiency  could  be  improved  by  Increasing 
Che  temperature  to  reflux  but  at  Che  expense  of  Increased  weight 
losses. 

The  Initial  and  final  activities  on  Che  hulls  are  given  In  Table  16. 

If  used  on  a  large  acale  the  ccrlum(IV)  would  be  produced 
electrolyclcally  from  cerlum(III)  and  some  regeneration  of  the  spent 
reagent  would  be  possible  and  economically  desirable.  The  waste 
management  of  Che  effluents  haa  not  been  studied  In  detail  but  could 
Involve  reclamation  of  Che  nitric  acid  by,  for  example,  evaporation. 
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6.2.3  Alkalla«  Per— ng«n«f  (A.P.) 

This  rtsgsnc  tus  be«n  wldsly  used  for  Che  dcroncsalnsclon  of 
scslnless  sccels^^^  IC  Is  noraslljr  used  ss  Che  flrsc  sCsce  of  s 

'Cwo>scage  process,  Che  pcrasngsnsce  oxidising  Che  chroalua  la  che 
surface  layers  of  Chs  corroded  sceel  Co  che  hexavslcnc  scace,  which  la 
reaoved  by  che  alkali  as  dlchroaace.  This  scclon  aodlfleo  che  residual 
corrosion  produce  layers  on  che  seed,  rendering  chea  aore  soluble  In 
che  second  scage  for  which  a  varlecy  of  soluclona  have  been  proposed, 
aoscly  based  on  saaonlua  clersce  Cogecher  wlch  soae  ocher  coaplexlng 
•gene.  The  second  scage  soluclon  used  In  che  presenc  work  vss  based  on 
Che  CITROX  foraula  and  conslseed  of  a  nlxeure  of  dlaaaonltas  hydrogen 
clcrace  (SZ)  and  oxalic  acid  (2.SZ).  Ic  waa  designed  co  neucrallse 
residual  alkallnley,  CO  dissolve  aangsnese  dioxide  froa  Che  AP  scage,  Co 
coaplex  che  dissolved  aecals,  and  co  recard  redeposlclon.  The 
peraanganace  soluclon  eonslsced  of  3Z  pocasslua  peraanganace  In  lOZ 
sodl«a  hydroxide;  che  hulls  were  given  one-hour  concaccs  ac  reflux.  The 
creacaenc  with  che  CITROX-cype  soluclon  involved  one-hour  concaccs  ac 
80-90*C.  Velghc  losses  froa  che  hulls  ware  very  low. 

The  results  are  given  In  Tables  17  and  18  which  show  thac  for 
S.6Z  and  7.3Z  burn-up  hulls,  high  levels  of  raaoval  of  both  a-ealctsrs 
sad  fission  products  (including  ltu-106)  were  achieved.  Fission  product 
reaovals  froa  4.1Z  bum-up  bulls  were  generally  poor  although  earlier 
work  with  ocher  hulls  froa  the  saae  batch  gave  results  aore  la  line  wlch 
chose  of  the  higher  burn-up  batches. 

Reducing  che  A.P.  concentrations  to  s  half  to  cut  down  che  salt 
content  of  the  effluents  hsd  a  deleterious  effect  on  che 
decontaaination. 

Table  19  shows  che  perforaance  of  che  individual  stages  of  che 
process  for  two  high  burn-up  hulls  and  shows  che  CITROX  stage  Co  be  aore 
laporcanc  for  a-calCCers  chan  for  fission  product  reaoval. 

The  process  Is  highly  effecclve  for  deconcaalnaclng  hulls  but 
suffers  Che  dlsaJvancage  Chat  large  voluaes  of  secondary  waste. 

Including  soae  of  high  salt  content  requiring  special  effluenc 
creataenc,  could  be  generated. 

6.2.4  Oxalic  Acid 

Oxalic  acid  Is  another  reagent  chat  has  found  extensive  use  la 
sceel  decontaaination.  It  has  frequently  been  used  In  conjunction  wlch 


/ 


other  aubatancea.  Including  iaaonli>a  clcrace,  hydrogen  peroxide, 
aaaonlua  fluoride  and  gluconic  acid  . 

Uaed  on  Ita  own  for  hull  decontaalnaclon  It  waa  found  to  be  rather 
corroalve,  and  Che  addition  of  hydrogen  peroxide  aa  a  corroalon 
Inhibitor  gave  Improved  activity  reaoval  aa  well  aa  lower  weight 
loaaea. 

The  alxturc  used  for  aoat  of  the  w>rk  waa  0.5M  oxalic  acid,  IM 
hydrogen  peroxide.  Contactings  (up  to  three  in  nuaber)  were  carried  out 
at  reflux,  their  duration  varying  froa  2  to  6  hours.  Reducing  the  acid 
cooccntraclon  to  O.IM  produced  only  a  snail  effect.  In  the  presence  of 
hydrogen  peroxide  aoat  of  the  activity  reaoval  occurred  during  the  first 
contacting  whereas  the  oxalic  acid  alone  the  relative  proportion  of 
activity  reaoved  during  Che  second  contacting  was  soaewhat  higher.  This 
waa  especially  so  for  Ru  aod  Ca  activities. 

The  results  for  oxalic  acid  decontaalnaclon  are  given  in  Tables  20 
and  21. 

6.2.5  Other  Reagents 

6. 2. 3.1  LOm  reagents 

The  use  of  JLov  joxld.iclon  state  Mtel  ^ona  has  featured  wch  In 
recent  lltecacure^^^'^^'^^^  as  the  basis  of  decootaalnants  for  the 


prlaary  coolant  circuit  of  Bolling  Hater  Reactors  and  of  thr.  Steaa 

Generating  Heavy  Hater  Reactor  at  HlnfrlCh.  These  lAHI**  ntagents 

operate  by  reducing  the  ferric  coaponent  of  the  oxide  cruds  to  the 

ferrous  state  which  goes  Intn  solution  and  is  coaplexed  by  s  chelating 

agent.  The  aost  coaaonly  used  LOKI  reagent  consists  of  a  alxture  of 

vaoadous  foraate,  foralc  acid  aod  plcollnlc  acid,  typical  coocentrations 

being:  v2+  *  x  KT^M,  HCOCH  *  x  KT^m,  and  plcollnlc  acid  2.5  x  ICT^m. 

Because  of  Che  low  reagent  concentrations  used,  Che  decontaalnacion 

liquors  can  be  readily  cleaned  up  by  an  Ion-exchange  process. 

To  ewenfne  Che  fcsslblllcy  of  applying  these  reagents  to  hull 

decontsalnatlon ,  sons  vanadous  foraate  was  prepared  electrolytlcally  by 

(28) 

Che  asthod  of  Bradbury  at  al  and  alxed  with  plcollnlc  acid  in  Che 
appropriate  proportions.  Bulls  were  created  with  the  solution  for 
periods  of  up  to  six  hours  at  80-83*C  and  at  reflux.  The  results  given 
In  Table  22  show  chat  the  LOKI  reagent  only  removed  80-90*  of  Che 
a-«alccers  and  lass  chan  20X  of  the  fission  products,  irrespective  of 


Ch«  dutmcioa  of  the  contact,  whan  uaad  at  concentration#  slailar  co 
chose  employed  for  cleaning  water  reactor  coolant  circuits.  The  weight 
losses  were  about  iZ.'  At  reflux  temperature  Che  weight  losses  were 
surprisingly  much  lower,  although  the  activity  removals,  apart  from  Cs- 
137 ,  were  not  significantly  altered. 

When  Che  LOMI  reagent  concentration  was  Increased  by  a  factor  of  S, 
Che  removals  of  a<^mlcters  %rare  greatly  reduced  and  Che  separation  of  a 
reddish-brown  solid  from  the  solution  was  observed. 


6.2.S.2  Sltrlc  Acld-Pervanganate  (The  POO  Process) 


This  process  was  developed  In  conjunction  with  the  application 
of  LOMI  reagents  Co  PWR  circuits  where  an  oxidative  precreacmenc  was 
necessary  co  deal  with  high  chromium-concent  oxides.  It  consisted  of  a 
three-ecage  process:  (1)  KMnO^  (O.OObMJ/HNOj  (0.005M)  for  5-24  hours 
reflux,  (11)  oxalic  acid  (0.0136H)/HM03  (0.018M)  for  1-2  hour  reflux, 
and  (111)  oxalic  add  (0.002SM)/elcrie  add  (0.002SM)  for  up  to  6  hours 
reflux.  When  applied  to  hulls  the  POD  process  on  Its  own  gave  poor 
activity  removals  for  all  Isotopes  except  those  of  caesium.  In  one  case 
Che  decontaminated  hull  was  created  with  LOMI  reagent,  but  only  for 
ruthenium  was  the  additional  activity  removal  significant. 

6. 2. 3.3  Formic  Acld-Pormaldehyde 

(29) 

A  mixture  of  forde-add  and  formaldehyde  has  been  described  as 
suitable  for  decontaminating  steel  surfaces  such  as  chose  In  reactor 
cooling  circuits.  The  mixture  gave  very  poor  results  when  applied  to 
fast  reactor  hulls,  Che  a-ealcter  removals  being  around  20Z  and  the 
fission  product  removals  much  lower. 


6.2.6 


Fig.  IS  compares  the  performance  of  Che  principal  decontamination 
routes  In  terms  of  a-actlvlty  removals.  For  each  route  Che  range  of 
typical  values  of  percentage  removals,  residual  activities  snd  weight 
losses  are  plotted  against  bum-up. 

The  percentage  removals  show  a  wide  spread  of  values,  whereas  Che 
residual  activities  on  Che  hulls  generally  lie  In  a  narrow  band 
corresponding  to  0.1  co  0.3  pCl/g,  Irrespective  of  bura-up  or 
decontamination  route.  The  main  departure  from  this  behaviour  Is  Che 
4.1Z  bum-up  hulls  created  with  dtric  acld/cerlum  (IV)  which  had  much 
higher  residual  activities.  The  samples  Involved  all  originated  from  a 
single  hull  which  had  an  abnormally  high  Mn:Co  ratio.  The  results 
cannot  be  considered  typical  ones  since  earlier  work  with  several 
different  hulls  from  Che  same  batch  had  given  values  more  In  line  with 
Che  general  trend.  Lowest  weight  losses  were  recorded  with  Che  alkaline 
permanganate  ar>d  oxalic  acid-hydrogen  peroxide  reagents. 


6.2.7  DacoPt—lnatlon  of  Coapl«t«  Hulls 

A  short  program  of  work  on  the  dacontaalnatlon  of  cosplete  hulls 
bf  nitric  acid  waa  undertaken.  The  objective  waa  to  confln  that  the 
flodlnga  obtained  ualng  snail  slices  of  hull  were  applicable  to  whole 
hulls. 

Four  batch  E  hulls  were  each  contacted  for  3  two-hour  periods  at 
reflux  with  9M  nitric  acid.  The  experlnental  conditions  followed 
closelp  those  described  In  Section  5.2  but  addltionallp,  each  of  the 
solutions  generated  waa  passed  through  a  filter  unit  consisting  of  a  0.4 
ua  BAWP  Mllllpore  filter  backed  bp  s  0.7  ua  glass  fibre  paper  to  remove 
anp  floe  particulate  naterlal  the  solutions  night  contain. 

Three  of  the  hulls  used  were  50  as  long;  the  ocher  was  25  sb  (see  Table 
23).  The  weight  losses  froa  the  hulls  at  each  stage  of  Che 
deconcaalnacloo  could  be  aeasured  auch  acre  accuratelp  because  of  the 
greeter  site  of  the  aaaples. 

Bull  UlAjk  was  photographed  at  each  stage  of  Che  decontaalnatlon 
to  aonltor  anp  visual  changes  occurring  during  the  process.  The 
photographs  showed  that  the  lalclallp  glossp  surface  of  the  hull  becane 
progresslvalp  aore  aatt  and  pitted  (see  Fig. 16).  Ho  other  alteration  of 
tha  aurfaca  was  apparent.  Saaple  B/3A/S,  on  the  other  hand,  Inltlallp 
appearad  shlnp  with  large  areas  of  black  deposit.  After  the  first 
nitric  acid  contacting,  aost  of  this  blsck  aaterlal  had  gone.  Tha  few 
grep  patches  that  reaalnad  were  reaovad  bp  the  second  nitric  acid 
treacaeae  leaving  tlB  hull  clean  and  shlnp. 

Tha  flasks  caploped  In  Che  decontaalna cions  were  degreased  prior  to 
use  bp  treataent  with  Genklene  and  with  concentrated  nitric  acid.  In 
spite  of  this,  high  levels  of  sctlvltp  were  found  to  have  deposited  on 
Che  walls  during  soae  of  Che  coutactlngs.  The  acclvltp  Included  soae 
fine  particulate  aacerlals.  It  was  found  that  treataenc  of  the  flasks 
with  a  alxture  of  nitric  and  hpdrochlorlc  acids  contalalng  either 
hpdrofluorlc  acid,  or  a  carrier  solution  (a  alxture  of  Inactive 
coapounds  of  the  principal  fission  product  eleaents)  reduced  the 
deposited  actlvlt^lea  to  lower  levels  but  did  not  always  bring  about 
coaplete  dissolution  of  the  partlculstes .  This  could  noraallp  be 
achieved  bp  an  alkali  treacaenc  Involving  reflux  with  2ft  pctesslua 
hpdroxlde/5Z  potasslua  periodate. 


Th*  wlghc  loiscf  froa  Che  )m11>  during  dcconcuinacloa  were,  with 
ont  cxctpclon,  in  Ctw  raog«  1.2*‘2.7t.  Thla  coaperit  vith  values  of 

0.7-3.SZ  obcalnad  froa  1  an  slleas  of  hulls  froa  the  saaa  batch  (see 

Tables  13  and  24).  The  exception  was  E/2A/2  which  had  a  auch  higher 
weight  l3ss(6.0Z);  tula  uas  due  to  a  considerable  quantity  of  dense 
black  particulate  aaterlel  liberated  during  the  first  contacting. 
Treataenc  of  this  with  the  nitric  acld/hydrochlorlc  acld/alxed  fission 
product  carrier  solution  extracted  large  quantities  of  ruthenlua  and 
caused  the  eaterlal  to  becoae  less  granular.  Tot  cooplsts  dissolution 
the  alkali  treataant  was  required,  and  the  resulting  solution  contained 

further  large  quantities  of  ruthenlua.  As  there  had  been  no  observabla 

change  la  the  appearance  of  the  outer  surfaces  of  the  hull  during  the 
nitric  acid  contacting.  It  Is  thought  that  the  black  ruthenlua-rlch 
aaterlal  aay  have  originated  froa  the  Inner  surfaces  of  the  hull.  The 
nature  of  this  aaterlal  suggested  It  alght  have  been  a  dissolver 
Insoluble  type  of  residue.  Because  it  had  not  been  coapacted  la  a 
centrifuge.  It  would  not  have. been  subjected  to  a  sufficiently  high  heat 
concentration  to  bring  about  sintering,  and  consequertly  would  not  have 
reached  ths  degree  of  insolubility  often  associated  with  this  type  of 
naceclel. 

Zn  tha  SBsll-scsle  work  it  had  been  thought  that  soae  of  the  weight 
loss  could  be  sttrlbutad  to  the  attack  of  acid  on  the  freshly  out,  bare 
aetal  ends.  Whereas  this  any  have  been  the  ease  with  nitric  acid  In  the 
presence  of  eerie  Ions,  it  now  sesas  lass  likely  with  nitric  acid  on  Its 
own  since  the  eelght  losses  froa  idtole  hulls  with  no  untreated  bare  ends 
were  the  seas  as  those  frea  the  saall  slices. 

Ths  quantities  of  activity  deposited  on  the  flasks  and  In  the 
particulate  aatcrials  are  included  in  ths  analytical  figures.  Table  24 
describes  the  overall  decontaalnatloo  perforaance  la  terns  of  percentage 
reaovals  and  activities  before  and  after  dcconeaalnstlon.  Coopering  the 
percentage  reaovals  froa  whole  hulls  with  those  obtained  froa  1  m  - 
slices  of  hulls  froa  ths  saae  batch  (Table  13),  a  considerable 
laproveaent  for  the  fission  products  was  obcerved  whereas  the  reaoval  of 
a-eaitters  was  slightly  lower.  In  terns  of  residual  activity  the 
n-enltters  were  a  factor  of  3-4  tines  higher  on  the  whole  hulls.  Table 
23  describes  ths  percentage  rcnovals  at  each  stage  the 
dccontaalnatlons.  The  bulk  of  the  a-actlvity  removal  (73-95Z)  occurred 
during  the  first  contactlcg;  the  second  contacting  accounted  for  nose  of 


the  reac  of  tho  aettvic;  raaovad  and  cha  third  contacting  «mo 
aaaantlally  a  pollahlng  ataga.  Flaaion  product  rauovals  ware  oora 
varlabla  and  tandad  to  ba  apraad  out  Bora  avanly  ovar  tha  three 
contactlnga. 

Tha  total  actlvltlaa  (In  uCl/g  at  cooplatlon  of  Irradiation)  of  tha 
principal  laotopaa  found  on  tha  hulla  all  lay  (axcapt  for  thosa  of 
K/2A/2)  within  tha  aaaa  rangaa  aa  thoaa  for  tha  1  b  and  10  an  allcet  - 
aaa  Flg.ll.  Thla  furthar  eindlcacae  tha  uaa  of  aKall  cllcaa,  aa 
dlacuaaad  in  aactlon  6.1.4. 

Tha  Iron  contrnta  of  tha  aolutlona  fron  the  dacontaalnatiooa  wera 
datanlnad  by  a  colorlaatrlc  aathod  based  on  o-phananthroline. 
Prellalnary  raaulta  indicated  that  only  about  a  third  of  the  weight  loss 
froB  tha  hulla  could  ba  attributed  to  dissolved  steal.  Slallar 
aaasuraaanta  on  aolutlona  frea  the  dacontsalnatlon  of  Im  alleas  froa 
cha  aaaa  batch  of  hulls  gave  similar  figures. 

Examination  of  tha  filters  through  which  tha  solucions  wera  passed 
indicated  tha  presence  of  small  amounts  of  particulates.  Y'latarrogatlon 
of  Chase  showed  bi-106  to  be  the  aain  radionuclide  present,  together 
with  smaller  quantlclas  of  Sb-llS,  Cs-lS?  and  Cs-lSi  in  order  of 
decreasing  activity. 

The  prasnnea  of  partieulatas  was  sought  la  soaa  of  cha  solutions 
arising  from  cha  daconcsminacioa  of  1h  hull  slices.  Visually  tha 
solutions  appeared  quite  clear  and  particle  free,  but  when  passed 
through  a  0.63  (la  filter,  up  to  20  taall,  visible,  black  particles  r'ara 
coilacted  on  the  filter  for  each  ~  SO  bL  solution  axaainad.  These  ware 
Y-countad  and  found  to  contain  principally'  Ru,  Sb  and  Cs,  together  with 
small  amounts  of  tfei>S4  and  Co-60.  Tha  ratios  Sb-125:Ru-106;Cs-137  for 
Chase  particles  ware  found  to  be  vary  slallar  to  chose  for  typical 
dissolver  insoluble  particulates^ (sea  Table  26).  It  has  beer,  shown, 
inactively^ ^ ,  that  simulant  disaolvar  insoluble  particulates  suspended 
in  solution  in  contact  with  staloless  steel  enhances  the  corrosion  of 
Che  atael,  especially  at  grain  boundaries.  In  Che  light  of  these 
observations.  It  seeas  probable  that  the  particles  collected  on  the 
filters  wera  dissolver  Insolubles,  the  tta  and  Co  ortglnacing  froa  Che 
corrosion  of  the  activated  cladding. 
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Th«  probla  of  tha  plato  out  of  oeclvlcy  on  th«  fltoks,  although 
otoorvcd  in  Cha  vary  aarly  work  on  1  as  ollcto,  waa  auch  laaa 
al golf leant  In  latar  work. 

Tha  pralltilnar>  work  on  eha  traataane  of  whola  hullo  with  9M  nitric 
acid  at  raflux  haa  ahown  that  cha  lawala  of  dacontanlnatlon  art  of  the 
aaaa  ordar  of  aagnlcuda  aa  chooa  obcalnad  with  I  on  tull  aliens;  that 
tha  weight  loasaa  Incurred  are  also  very  alnllar,  and  chat  part  of  the 
weight  loos  can  occur  through  the  ranovsl  of  dlaaolver  Inaolubla-cypa 
■aterlal.  Tha  specific  activity  levels  on  tha  hulls  are  in  the  aaaa 
ranges  aa  those  found  on  both  1  and  10  ■■  olleaa. 

6.3  I—oblllaatlcn 

Tha  Inactive  teats  showed  that  about  40g  of  hulls  could  be  Incorporatad 
In  Che  30  aa  cylindrical  products,  whilst  atlU  retaining  adequate  atrength 
for  handling  In-cell*  When  higher  weight  loadings  were  need  there  tna 
laauffleient  eaaenc  between  the  hulls  and  the  product  was  very  brittle.  It 
waa  also  found  chat  tha  vibrator  had  to  be  tuned  to  ■inlalae  voids  la  Che 
product  (rig. 17)  and  to  get  a  fairly  unlfora  distribution  of  hulls  Is  the 
asaple. 

CeMrally  it  haa  been  poaalble  to  produce  aubataaclally  veld-free 
produces  hut  changes  In  eha  conpoaleion  of  the  grout  have  a  algnlflcane  . 
Influence  on  the  struceura  of  the  product.  Thus  with  Inactive  sections  of 
rre  hulls  Iwoblllsed  In  BTS/OPC  Che  dlstrlbuclon  of  hulls  is  greatly 
Influenced  by  Che  frequency  of  vibration.  In  Figure  18  coaparlaon  la  nsde 
between  hulls  In  sand/OPC  and  BFS/CPC  vibrated  at  Che  aaae  frequency.  In  the 
sand/orc  tha  hulls  are  distributed  la  such  a  way  that  they  are  reasooably 
ualfomly  dispersed  but  with  BFS/OFC  sc  the  sane  frequency,  the  hulls  are 
very  unevenly  distributed  with  a  high  loading  at  the  botton  of  the  saaple. 

Tlsual  Inspection  of  the  surfaces  of  the  laBobillscd  waste  fons  showed 
that  they  ware  free  of  cracks,  but  soae  of  the  sand/OPC  saapics  had  snail 
holes  In  the  sides  (Table  2). 

6.4  Leach  Testing 

tadlochanlcal  analysis  of  the  hulls  prior  to  Innoblllsation  showed  that 
the  predonlnanc  nuclide  acclvltlss  available  for  leaching  were  the  fission 
products  Sr-90,  lu-106,  Sh>12S,  Cs'-134  and  Cs-137  and  the  actinides.  Other 
nuclides  would  alct.  be  available,  but  they  were  not  readily  detectable  on  a 
routine  basis.  The  acclvatlon  products  Mi-S4  and  Co-6C  were  oot  regarded  as 
being  readily  available  for  leaching,  unless  appreciable  corrosion  of  the 


hulls  occurred. 


Pi«  ratulta  arc  axpraasad  aa  ploca  of  cha  ctaulatlvo  fraccloo  of  tht 
activity  ralaaaad  (Tiga.  19*22),  and  of  tha  Incraaaneal  Itachlng  rata  (ac«- 
Plf.  23),  both  aa  a  function  of  tha  tlaa  of  loachlng.  Tha  cunulatlva 
fraction  (P)  la  daflnad  aa,  ' 


and  cha  Incraaontai  loach  rata  (R  )  aa, 

tt 

a  /A 

R  •  **  —  ca.d“* 

®  (S/f)t 

n 

wharo  a^  •  laachaca  activity 

•  Incorporatad  activity 

S  ■  axpeaad  aurfaca  araa  of  apaciaan  (ca^) 

V  ■  apaciaan  voluaa  (ea^) 

n  ■  niabar  of  laachant  ranawala 

c  •  duration  of  nth  laachant  ranawal  parlod  (d) 
tt 

Tha  euBolatlva  fraction  of  Sr-90  activity  laachod  la  Rlvan  la  Pig.  19, 
whilst  Pita*  20,  21  and  22  ara  cha  corraapoodlng  curvaa  for  Ca-137,  IhflOb 

and  Sb*123  raapaetlvaly. 

* 

Analyals  of  Cha  laachatas  froa  tha  laaoblllaad  aaaplaa  showed  chat  Cha 
only  alfiiif leant  actlvlclaa  laachod  waro  Sr*90  and  Ca-137.  (Ca*13a  la  also 

laachad  but  alnco  It  bahavaa  In  tha  saaa  nannar  as  Ca*137  only  data  for  cha 
lactar  ara  raportad).  RwlOb  and  Sb-12S  ara  also  laachad  but  only  from  cha 
aaaplaa  aada  using  sand/OPC. 

In  order  to  establish  cha  contribution  being  aada  by  cha  aatrlx  aatarlal 
in  ratalnlnt  tha  available  nuclide  activities,  coaparlson  was  aada  with  data 
cbtalnad  froa  leaching  bare  aatarlal.  Thla  aatarlal  was  laachad  uodar 
slallar  eondltlons  to  Chose  of  Che  laaoblllaad  saaples  with  cha  leachants 
balng  alchar  dlstlllad  wacar  or  uatar  pravlously  aqulilbratsd  wl;h  cha 
approprlata  eaaant  grout. 


The  reaules  froa  leaching  cha  bare  hulla  (Flguraa  19>22)  ahowad  thcra 

waa  liccla  dtffaranca  la  laachifig  of  cha  raapactlva  nuelldaa  baewaen  cha 

Chraa  laachanca  ChaC  had  bean  uaad.  Howavar,  Ic  would  appear  chae  Sr-90  and 

< 

Ca-  137  wara  aore  raadlly  laaehad  chan  Xu-106  and  Sb-12S.  Thla  aar  ba 
aCCrlbuCabla  Co  boch  cha  laccer  being  pradoalnancljr  preaanc  la  an  Inaoluble 
fora  auch  aa  Che  diaaolvar  reaidua  which  coaprlaaa  cha  noble  aacal  flaalon 
produce  alloya  Mo,  Tc,  Xu,  Rh  aad  Pd. 

Coapariaon  of  cha  laaobillaad  producca  ahowa  chare  waa  aery  liccla 
differaoee  in  cha  laachinc  baha'^iour  of  Ca-137  baewaan  aand/OPC  and  BFS/OPC 
(Fig.  20).  Afcae  IOC  daya  of  cha  ISO  caac  cha  cuaulaclaa  fraccion  of  Ca-137 
laached  froa  cha  iaacbiliaad  producca  averageo  1-2Z.  For  cha  bare  aacartal 
Cha  fraction  laaehad  waa  abouC  an  order  of  nagnicuda  graacer,  ahoving  che 
diffaranee  ChaC  could  ba  accribucad  Co  cha  efface  of  cha  nacrix.  Bowaver,  ic 
la  worth  noclng  froa  cha  leach  rata  eurvaa  (Fig.  23)  Chat  cha  biggeac 
differaneaa  baewaan  cha  bare  and  cha  iaaobillaad  producca  occurred  in  cha 
early  acagaa  of  leaching.  Aa  cha  leach  taaca  progresaad,  ao  cha  leach  racea 
of  Ca-137  froa  both  the  bare  and  the  iaaobillaad  aaaplaa  tended  towarda  a 
aiallar  value  (eoapara  che  racea  at  100  daya). 

Tha  raaolta  for  Sr-90  (Fig.  19)  inply  that  BFS/OPC  proaidaa  a  bactar 
racanclea  for  thia  nuclide  than  aand/0?C  by  about  aa  order  of  nagnicuda. 

After  100  daya  of  cha  ISC  caat  Che  euBolaciva  fraeciona  laaehad  averaged 
about  10*,  IX  and  O.IX  for  tha  bare  aacarial,  aand/OPC  and  BFS/OPC, 
raapacCiaaly.  Again  cha  gruacaac  differaneaa  in  Che  raaulca  occurred  in  tha 
early  atagaa  of  Che  caac  where  leach  racea  for  cha  bare  nacarial  ware 
algnificaaely  higher. 

Tha  raaaon  for  cha  laiching  of  Xu-106  and  Sb-125  froa  aand/OPC  aad  not 
froa  BFS/OPC  ia  not  obvioua  (Fignraa  21,  22).  Bowaver  Che  craulatlva 
fraccion  laaehad  froa  eba  bare  hulla  candid  co  ba  lower  by  abouC  aa  order  of 
aagnicuda  chan  fer  5r-90  and  Ca-137,  auf^aacing  that  they  all  do  not  arise 
froa  che  aaaa  aouren.  Sr*-90  and  Ca-137  arc  likely  to  arlae,  ac  laaec  in 
part,  froa  diaaolvar  aolurion  which  haa  dried  on  tha  hulla  followlcg  fuc'i 
diaaolution,  wuaraaa  cha  Ru-106  and  Sb-12S  arc  aajor  eonpoaenta  in  cha 
diaaolvar  reaicua  vhlch  nay  adhere  Co  cha  hulla. 

Apart  froa  cha  first  ona-day  leach,  ic  was  found  Chat  cha  individual 
nuclide  accivicias  appearing  in  sequarcial  leachates  were  aiallar, 
irreapacclva  of  cha  laachiag  period.  Because  of  this  ^lalllarlty  In  che 
activity  levels,  ic  waa  assuaad  chat  a  'sccady  scace*  release  was  fairly 
quickly  aseablishad,  and  in  order  co  understand  cha  appertaining  aachanlsas, 
future  studies  will  need  Co  Include  such  paTaneters  aa  sorption  and 
solubility. 


Th«  level  of  s-eetlvltj  leeched  froe  Che  laaoblllicd  watte  foraa  during 

Che  period  of  che  ceac  wee  below  the  llalc  of  decccclon  (~  SalO'^'^Cl.'  and  che 

aaounc  of  accivlcy  leached  froa  the  bare  hulla  IndlcaCed  Chat  only  about  8* 
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of  che  CoCal  a-ecdvlcy  aaaociaced  with  the  aaaplea  waa  avallablr  fer 
leaching . 

7.  CONCLOSIOMS 

CHARACTERISATION 

1.  The  level  of  e-acclvltj  on  che  hulla  varied  froa  0.004-0.2  Cl/Kg,  Che 
principal  eonatituenca  being  Pu-239,  ?u*240,  Pu-238,  i»-241 ,  Ca-242  and 
Ca-244. 

2.  The  predoainanC  flaalon  produce  waa  Ru-106  (1-400  Cl/Xg)  followed  by 
Sb*12b  (0.4-S  Ci/Kg)  and  Ca-137  (0.02-0.9  Ci/Kg).  (The  flgurea  refer  to  che 
ciae  of  eoaplecion  of  irradiation).  Ca-134,  Ce-144  and  Tc-99  were  alao 
preeenc  aa  well  ae  tracer  of  Eu-lSS,  Eu-iS4  and  Ag-llOa. 

3.  The  aain  aecivaclon  produeta  were  )to-54  (up  to  250  Ci/Rg)  and  Co-60 
(generally  in  che  range  1-5  Ci/Rg).  Co-58  waa  alao  detected  In  aoae  high 
burn-up  hulla.  Levela  of  up  to  0.005  Ci/Rg  of  C-14  wore  found  in  a  range  of 
aeaplea. 

6.  Frofllee  of  the  pclnelpal  activity  levela  along  lengtbe  of  about  17 
hulla  have  been  prepared.  Subatantlal  varlacloea  of.  for  exaaple.  rutheniaa 
along  a  hull  nay  reault  fcoa  che  preeonce  of  parciculatea  depoalced  froa  che 
diaeolver  liquora. 

5.  Levela  of  1-129  and  N^237  were  calculated  to  be  too  low  for  ready 

aeaaureaenc . 

6.  Actinidea  were  confined  to  the  top  2-3  aicrona  of  the  hull  aurface  and 
the  flaaile  aaterial  generally  correapond^  to  <  O.lZ  ol  che  initial  fuel. 

7.  Evidence  froa  total  fiaaile  aeaaureaenta,  flaalon  crack  autoradiography, 
Pu/Aa  racioa,  and  che  aeaaureaeoc  of  the  aetlvlciea  on  unlrradlated  and 
pin-end  hulls  suggested  chat  depoeitlon  of  activity  froa  che  dissolver 
liquora  accounted  for  significant -proportions  of  the  activity  on  che  hulla. 

PECOWTAMINATIOH 

8.  Saall  scale  expvrlaents  showed  chat  che  level  of  a-acclvlcy  on  the  hulls 
could  be  reduced  to  below  0.3  Ci/tonne  by  a  ruaber  of  different  reagents. 

This  waa  independent  of  the  reagent  type  or  che  burn-up  (up  to  7.3Z)  of  the 
fuel  the  hulls  had  contained. 


9.  Th«  prtftrrsd  rsagtnc  m*  9H  nitric  ncld  at  raflux.  This  should  product 
•  lo«f-a«lc  affluent  which  can  ba  racjclad  to  tha  raprocaaalng  plant. 

10.  Tha  raaulta  of  lha  dacontaaination  of  coapleta  hulls  by  rafluxlng  with 
nitric  acid  ganarally  supportad  tha  findings  froa  tha  aaallar  seals 
axpariaants.  Tha  uaight  lossaa  vara  vary  siallar;  tha  fission  .uoduct 
raaovals  wars  higher  and  aora  consistanc.  but  tha  a-raaovals  were  slightly 
lower.  Thera  was  avidanca  that  soaa  of  tha  weight  losses  srnse  through  tha 
raaoval  of  particles  of  dissolver  insoluble  nsterlsls.  Further  work  with 
whole  hulls  is  naadad  to  provide  a  aora  coapleta  understanding  of  the 
daeontsainatlon  process. 

M<  The  use  of  a  oacontaalnatloo  step  could  pamlt  shallower  burial  and 
hence  a  cheaper  disposal  route  for  the  hulls. 

IWWBILISATIOW 

12.  Tha  cuaulative  fraction  of  Ca-IJF  laschad  froa  tha  laaobillsad  saaplas 
after  100  days  of  the  ISO  test  averaged  about  1-2Z  snJ  theta  was  no 
significant  dlffaranca  batwaan  sand/OPC  and  EFS/OPC  as  tha  aatriz  natarial. 

13.  Tha  cuaulative  fraction  of  Sr-90  laachad  froa  tha  iaaobilisad  saaplas 
after  100  days  of  tha  ISO  test  averaged  about  IT  for  the  sand/OPC  and  about 
O.IZ  for  the  BFS/OFC  aatrlx.  Obviously  tha  latter  is  batter  for  retaining 
8f90,  but  tha  caasoa  oaads  furtbar  alueldatlen. 

14.  The  eianilativa  fraction  of  Cs-137  and  Sr>90  leached  froa  tha  bare 
aatarial  after  100  days  averaged  about  10-20X.  This  lapliad  that  tha 
raaaining  activity  was  not  readily  available  for  leaching  during  tha  period 
of  the  test  and  coosaquantly  the  effectiveness  of  th«  aatricas  could  ba 
ovarestiaatad. 

15.  Coaparison  of  the  loath  rates  of  Co-137  for  tha  bare  and  laaobillsad 
waste  afaowed  that  the  biggest  dlffaranca  occurred  la  the  first  few  days  of 
leaching.  As  tha  leach  tasting  progressed  the  leach  races  tended  to  bacone 
siallar. 

16.  Ku-106  and  Sb-123  ran  ba  laschad  froa  sr.nd/OPC  but  not  froa  BFS^OPC 
aatricas . 

17.  Only  about  BZ  of  tha  c-activity  was  available  fur  leaching.  Tha  actual 
aaounts  laachad  froa  tha  caaantad  waste  forms  were  below  the  Halts  of 
dataetioo. 

18.  Froa  visual  observations  and  leach  testing  studies  cement  appears  to  be 
a  suitable  aadiua  for  iaaoblllsatlon  of  hulls,  the  BFS/OP  nstrlx  being 
soaawhat  better  than  tha  sand/OPC. 

If*.  Further  evaluation  of  tha  wasta  forr^  needs  to  be  carried  out.  This 
should  include:  autoradiography,  aquilibrlua  leach  tenting,  degree  of 
sorption  on  the  aatrix,  and  the  activity  release  on  heating. 
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Hocas:  *  The  majority  of  tha  hulla  la  thla  hatch  ware  50-75  am  long 
^  Mlzad  batch  of  hulla  originating  from  2  au^aaaembliaa 
Contained  alao  aome  fuel  pin  and  piacaa  90-110  mm  long. 
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C2/B 

7.3 

74 

1.4 
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Hull  No 

X  Cauxaiclon  vclvlty  . 

Ratio 

Fu23»^Pu240  FU13B 

A^41 

QB243»Ott244 

Qn242 

ong» 

Aa241:  Pu2a:  (Pu239*-Pu240) 

Al/H 

38.8 

15.1 

24.9 

0.13 

20.9 

0.13 

1  :  0.6  :  1.6 

A3/B 

47.0 

18.3 

16.2 

0.8 

17.1 

0.4 

1  :  1.1  :  2.9 

AS/A 

40.9 

15.7 

23.8 

- 

17.6 

- 

1  :  0.6  :  1.6 

^SnNBAlCH  A 

46.7 

16.0 

18.7 

0.8 

17.8 

- 

1  :  0.9  :  2.5 

c/r 

40.9 

13.6 

23.8 

• 

17.7 

• 

1  :  0.6  :  1.6 

a/H 

30.3 

17.7 

19.5 

- 

12.5 

- 

1  :  0.9  :  2.6 

ci/r 

33.6 

16.4 

20.4 

0.4 

7.1 

0.1 

1  :  0.8  :  2.7 

FI7LNMICH  C 

32.3 

19.6 

22.8 

1.9 

4.3 

- 

1  :  0.9  :  2.3 

E2/3/D 

36.0 

13.3 

27.0 

0.4 

1.3 

-  _ 

1  :  0.6  :  2.1 

Q/IQ/A 

35.7 

14.8 

28.0 

- 

- 

li 

1  :  0.3  :  2.0 

a/12/A 

34.3 

12.9 

X.l 

- 

- 

1.9 

1  :  0.4  :  1.8 

n^HBAZCK  C 


39.5 


13.3  23.1 


1  :  0.6  :  2.4 


Table  6  leotoplc  Coapoiltlon  of  the  Plutonium  cn  Feet  Reactor  Hulle 


Bull  Identification 

Burn-up 

Atoa  Percent 

Nuaber/Rlnii 

(X) 

Pu-2jS 

Pu-i39 

Pu-240 

Pu-241 

Pu-2i2 

c2/r 

7.3 

0.21 

74. 6S 

22.29 

2.21 

0.66 

Al/H 

3.6 

0.25 

73.38 

23.32 

2.37 

0.68 

AS/A 

S.6 

0.23 

73.69 

23.09 

2.33 

0.67 

El/16  (black) 

4.1 

0.23 

75.64 

21.48 

2.08 

0.57 

El/lS  (black) 

4.1 

0.17 

75.53 

21.62 

2.11 

0.58 

EI/16  (ehlny) 

4.1 

0.19 

75.80 

21.36 

2.09 

0.57 

Tabl«  7  Y~E»tttlng  ActlTaclon  Produco 


Hull  No. 

Bum-up 

Haan 

Actlvltlea 

(uCl/g)  at 

Mn-54; Co-60 

(X) 

Tl»ae  of  Coapletlon  of  Irradlaclon 

Acroaa  Hull 

Hn-54 

Co-60 

Co-58 

Cl 

7.3 

7,370 

4,940 

198,863 

I  45  ♦  1.53 

C2 

7.3 

21S,943 

2,889 

3.308.81S 

73.9  ♦  76.3 

C6 

7.3 

126,385 

1,670 

1,958,297 

74.0  ♦  78.0 

A1 

S.6 

21,911 

4,107 

88,988 

4.7  ♦  5.9 

Blag* 

AS  (1) 

3.6 

H.D.^ 

2.548 

N.D. 

H) 

(11) 

1.249 

13.716 

N.D. 

0.08 

(111) 

1.499 

11,817 

N.O. 

0.13 

(Iv) 

1,613 

3,380 

N.D. 

0.48 

(v) 

1,827 

3,363 

N.D. 

0.54 

'^.0.  -  aoe  d«e«et«d. 

*LocatloQ  of  rln(«  along  hull  AS  (a«o  alao  Fig.  7): 

(1)  Bolow  apaear 

(11)  Acound  crisp 

(111)  Around  loeacloa  of  No  wlra  dlae 
(Iv)  Juat  above  apaear 
(v)  Above  apaear,  ae  other  aad  of  hull. 
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Tablt  10  Actlvttlta  Aaaoclataa  »»lth  End  Pltct  Bulla 


Dlatanea  Actlvtelea  uCl/g 

Hull  No./  fro«  ■  Mn:Co 


Ring 

eloaad  and 

Croaa  a 

SV-125 

Ru-106 

Ca-137 

Sr-90 

1 

£ 

Co-60 

El/lO/A 

21 

88 

674 

48409 

217 

753 

10869 

3143 

3.46 

El/lO/E 

27 

272 

839 

72627 

909 

NM 

11206 

3030 

3.70 

El/lO/J 

93. S 

77 

2471 

299070 

157 

NM 

21808 

2365 

9.22 

EI/IO/F 

99.3 

32 

1376 

133744 

122 

44 

23632 

2347 

10. C7 

E1/13D/A 

28 

13 

190 

8264 

301 

28 

14279 

4592 

3.11 

E2/4/D 

4 

6 

690 

24808 

23 

3 

102  43 

3604 

2.84 

E2/*/r 

7 

7 

648 

39188 

41 

NM 

11322 

3620 

3.13 

E2/4/A 

30 

84 

4009 

348588 

163 

35 

13878 

3164 

4.39 

NM  -  Not  Koaaurod". 


Total  Ftaalla  Content  of  End  Placaa 


Bull  No./  Dlatanea 

of  Ring  froa  Cloaad  End 

Fiaalla  Contant  aa  Pu-239 

Hog 

■a 

till 

El/lO/B 

22.3 

1270 

El /I 0/C 

98 

360 

-  43  - 


Tabl«  11  Coaparlaon  of  th«  M««n  Activity  L«vtl»  of  th«  Batche«  of  Hullt 


Htan  ActlviclM  (11CI/2  on  17.S.84) 
Batch  Burn-up  — m  — . 


Croaa  a 

Sb-125 

Ru-106 

Ci-137 

D 

Unlrradlated 

19.3 

316 

2972 

78 

A 

i.6 

9.75 

604 

4661 

392 

C 

7.3 

7.95 

1676 

7734 

430 

Ratloa  of  Actlvltlat  of  flaalon  Froducti 


Sb-125 

Ru-106 

Ca-137 

Batch  C  diaaolvar  aolutloo 

12.2 

13.6 

Batch  A  diaaolvar  aolutlon 

1 

18.3 

10.7 

Batch  0  00  hulla 

1 

7.9 

0.3 

Batch  A  oa  hulla 

1 

7.7 

0.6 

Batch  C  on  hulla 

1 

4.6 

0.2 

Table  12  Defile  of  Typical  Wltrlc  Acid  D«cou£«i«ii:*tlor.e  for 
Hulla  of  Two  Dlfferenc  Burn>uoa 


Z  Actlvltj  Seaovair 


Groaa  a 

Fission 

Products 

Activation  ProOuc 

1 

Sb-123 

Ru-106 

Ca-137  Co-i> 

Ca-144  Ag-llOa 

Mn-54 

Co- 50 

Co- 5 

1 

Hull  No./Rlng:Al/FS.6Z  Burn-up 

9M  HNOj 

3  s  6  hr  Ccntaccings 

at  Reflux 

1 

let  Contacting 

51.8 

76.3 

32.7 

33.8 

- 

22.7  100 

1.4 

1.8 

0 

H 

2nc  Contacting 

3.8 

A.O 

10.6 

5.2 

- 

3.6  0 

0.6 

0.7 

0 

3rd  Contacting 

2.3 

3.3 

9.6 

6.0 

• 

4.3  0 

0.8 

0.8 

0.8 

H 

Total  Raaoval 

98.1 

83.8 

72.3 

47.0 

- 

30.8  100 

2  8 

3.3 

0.8 

i 

Bull  No ./Ring: 

C2/R 

7.3Z  Burn-«p 

9M  HMD, 

3  X  6  hr  Contactings 

at  Reflut 

1 

1 

1st  Contacting 

9j.6 

78.0 

33.7 

49.3 

31.9 

100 

6.8 

7.3 

6.8 

1 

2nd  Contacting 

2.8 

19.4 

12.3 

46.2 

48.1 

0 

3.0 

2.8 

2.8 

H 

3rd  Contacting 

0.1 

2.6 

3.1  : 

4.5 

0 

0 

2.9 

2.9 

2.9 

Total  Raaoval  13,3  100 


53.7  100  IOC 


100 


12.7  13.0  12.7 
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in  distilled  wotcr 
in  distilled  water 


Ltdching  time  (d) 


♦  HULt  (4'1*/»  burn -up  :  Bare) 

0  HUtt  (4-l*/»  burn-up  :  Bare) 
c  HULf  (4'1*/*  burn -up  :  Bare) 

S  •  HLU  (4  IV.  burn -up  :  Sand/OPC) 
HtW  (4  n.  burn-up  :  SandAJPC) 
HUV  (4  l»/.  burn-up  :  BSF/OPC) 
HLX  (4  n.  burn-up  :  BSF/OPC) 


in  distilled 
In  Sand/OPC 
‘II  e*S/OPC 
Ir.  distilled 
in  distilled 
in  distilled 
in  disti'led 


water 

woter 

water 

woter 

woter 

water 

woter 


rt 


